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(54) ELECTRICAL ANGLE DETECTOR AND DRIVER OF SYNCHRONOUS MOTOR USING 
IT 

(57)Abstract: 

PURPOSE: To accurately and easily detect an electrical 
angle even if a rotor is still for practical control by 
detecting at least two current behaviors determined by 
the inductance of a coil winding which is correlated with 
the electrical angle and then determining the position of 
the rotor by referring to the relationship between the 
current behavior and the electrical angle being stored in 
advance. 

CONSTITUTION: A CPU 120 outputs a predetermined 
signal to a voltage application part 130 and applies a 
specific voltage between the terminals U and VW of a 
motor 40, takes in the output of a current detector 102 
via an ADC 112, and then measures the lapse time until 
U-phase current reaches a specific value. Then, a 




specific voltage is applied between the terminals V and WU similarly and the lapse time until 
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V-phase current reaches a specific value is measured. Then, an electrical angle is obtained 
by referring to a table stored in a memory 122 in advance from these two lapse times. The 
electrical angle signal is output to a motor control circuit 100 and is used to set the phase of a 
signal applied to each phase as the position information of a rotor when starting a motor 40. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is electrical angle detection equipment of the synchronous motor which makes a coil rotate 
a rotator by the interaction of the field according a polyphase current to a sink and this coil, and the field 
by the permanent magnet. The 1st storage means which memorizes beforehand the relation of the 
behavior of a current and the electrical angle which flow according to the electrical potential difference 
which impressed and this impressed the predetermined electrical potential difference to the 1st 
combination of a polyphase, The 2nd storage means which memorizes beforehand the relation of the 
behavior of a current and the electrical angle which flow according to the electrical potential difference 
which impressed the predetermined electrical potential difference and was this impressed to the 
interphase of different combination from said 1st combination, The 1st detection means which impresses 
said electrical potential difference to said 1st combination, and detects the behavior of the flowing 
current, The 2nd detection means which impresses said electrical potential difference to said 2nd 
combination, and detects the behavior of the flowing current, this — electrical angle detection equipment 
equipped with an electrical angle operation means to search for the electrical angle of said motor by 
Hazama of 0-2pi with reference to the relation memorized by the said 1 st and 2nd storage means based 
on the behavior of the current detected by the 1st and 2nd detection means. 

[Claim 2] The said 1st and 2nd storage means is electrical angle detection equipment which is a means 
to memorize the relation of the inductance are electrical angle detection equipment according to claim 1 , 
and corresponding to the behavior of a current, and an electrical angle. 

[Claim 3] Electrical angle detection equipment according to claim 1 which constituted the pole pair of 
said synchronous motor from N pole and the south pole from which a magnetic property differs, and the 
behavior of said current of per the electrical angle pi constituted as the behavior in other electrical angles 
pi, and different behavior. 

[Claim 4] Electrical angle detection equipment [ equipped with an electrical-potential-difference 
impression means to impress the electrical potential difference equivalent to the nonlinear field of the 
magnetic properties of the magnetic circuit which the combination and said rotator of the polyphase 
which impresses said electrical potential difference to either / at least / said 1st detection means or the 
2nd detection means constitute to the combination of the polyphase concerned ] according to claim 1 . 
[Claim 5] It is electrical angle detection equipment of the synchronous motor which makes a coil rotate 
a rotator by the interaction of the field according a polyphase current to a sink and this coil, and the field 
by the permanent magnet. An electrical potential difference is impressed to each combination of said 
polyphase, and it is based on the behavior of the current which flows according to this electrical 
potential difference. By the approximation calculation An electrical angle operation means to calculate 
the electrical angle within the section of electrical angle 0-pi or pi - 2pi, Electrical angle detection 
equipment equipped with a section specification means to specify whether an electrical angle belongs to 
which the section of 0-pi or pi - 2pi, and an electrical angle decision means to determine only one 
electrical angle from said detected electrical angle and the specified this section. 
[Claim 6] It is electrical angle detection equipment according to claim 5. An electrical angle operation 
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means A current detection means to detect the behavior of the current which flows according to the 
electrical potential difference which carried out sequential impression and this impressed the electrical 
potential difference about the combination of N (N>=3) individual of a polyphase in the three phase 
synchronous motor, Electrical angle detection equipment which the error by straight-line approximation 
becomes from an approximation calculation means to search for the electrical angle of said motor, 
among the behavior of the current of this ****** N individual by a selection means to choose the 
smallest thing, and the behavior of the this chosen current to straight-line approximation. 
[Claim 7] Said current detection means is electrical angle detection equipment according to claim 6 
which consisted of a means to survey behavior of a current about N-l in the combination of said N 
individual, and a means to calculate from the actual measurement concerned of N-l piece about 
remaining one piece. 

[Claim 8] It is electrical angle detection equipment according to claim 5, and said synchronous motor is 
a three phase synchronous motor which uses the three-phase alternating current. Said electrical angle 
operation means A current detection means to detect each current value at the time of impressing a 
predetermined electrical potential difference to the interphase of each combination of a three phase, [ an 
area specification means to specify any one of the areas which divides the electrical angle pi into six 
equally from the relation of the size of three current values, and in the this pinpointed area ] the average 
of three detected this current values — this — A phase count means to ask for the phase in this area of an 
electrical angle by the approximate expression of theta**tan theta about the interphase in which said 
current value has extremal value, Electrical angle detection equipment equipped with an include-angle 
count means to search for the electrical angle within the section of 0-pi or pi - 2pi, based on said 
pinpointed area and said called- for phase. 

[Claim 9] It is electrical angle detection equipment according to claim 5. Said section specification 
means An electrical-potential-difference impression means to impress the electrical potential difference 
equivalent to the nonlinear field of the magnetic properties of the magnetic circuit which the specific 
combination and said specific rotator of said polyphase constitute to the combination of the polyphase 
concerned, Electrical angle detection equipment equipped with a detection means to detect the behavior 
of the current which flows to this interphase according to the impressed this electrical potential 
difference, and an electrical angle range specification means to pinpoint the range of an electrical angle 
for pi as a unit from the behavior of the this detected current. 

[Claim 10] Said electrical angle range specification means is electrical angle detection equipment 
according to claim 9 equipped with a means to pinpoint the range of an electrical angle, by size with the 
threshold beforehand determined as the magnitude of said current. 

[Claim 1 1] It is electrical angle detection equipment equipped with the means which compares by being 
electrical angle detection equipment according to claim 9, and said electrical angle range specification 
means switching the size of said threshold by the area pinpointed by said include-angle detection means. 

[Claim 12] It is electrical angle detection equipment equipped with a means pinpoint the range of an 
electrical angle, by size with the threshold which determined as the magnitude of the current to which 
said electrical angle range specification means flows to a interphase according to the this impressed 
electrical potential difference beforehand by being electrical angle detection equipment according to 
claim 9, and being equipped said electrical-potential-difference impression means with an electrical- 
potential-difference decision means determine the magnitude of said electrical potential difference to 
impress based on the area pinpointed by said include-angle detection means. 

[Claim 13] It is electrical angle detection equipment according to claim 5. Said section specification 
means The 1st electrical-potential-difference impression means which impresses the electrical potential 
difference equivalent to the nonlinear field of the magnetic properties of the magnetic circuit which the 
specific combination and said specific rotator of said polyphase constitute to a predetermined interphase, 
The this electrical potential difference to impress is distinguishing the size of a current which flows to 
this interphase according to each this impressed electrical potential difference from the 2nd electrical- 
potential-difference impression means which impresses the electrical potential difference from which a 
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polarity's differs to the interphase from which said interphase's differs. Electrical angle detection 
equipment equipped with an electrical angle range specification means to pinpoint the range of an 
electrical angle for pi as a unit. 

[Claim 14] Electrical angle detection equipment which made the electrical potential difference which the 
said 1st and 2nd electrical-potential-difference impression means impresses the lower limit of said 
nonlinear field while having an impression interphase decision means to have been electrical angle 
detection equipment according to claim 13, and to determine the interphase which the said 1st and 2nd 
electrical-potential-difference impression means impresses based on the section specified by said section 
specification means. 

[Claim 15] Electrical angle detection equipment [ equipped with a means to reduce the this impressed 
electrical potential difference quickly after impressing an electrical potential difference to said 
interphase and detecting the behavior of the current over this electrical potential difference ] according 
to claim 1, 5, or 9. 

[Claim 16] Claims 1 and 5 equipped with a means to control the frequency of said electrical potential 

difference to impress in a frequency higher than the frequency of the alternating voltage by which it is 

impressed for a drive at said coil, or electrical angle detection equipment given in nine. 

[Claim 17] It is electrical angle detection equipment which is a means to detect by the time amount 

which is electrical angle detection equipment according to claim 1 , and will require by the time at least 

one side of the 1st and 2nd detection means serves as a predetermined current value in the behavior of a 

current. 

[Claim 18] It is electrical angle detection equipment of the synchronous motor which makes a coil rotate 
a rotator by the interaction of the field according a polyphase current to a sink and this coil, and the field 
by the permanent magnet. Within the time amount which the electrical angle pi which becomes settled 
by the rotational frequency upper limit of said motor which detects an electrical angle takes An include- 
angle detection means to detect the electrical angle within the section of electrical angle 0-pi or pi - 2pi 
based on the behavior of the current which impresses an electrical potential difference to a 
predetermined combination of said polyphase, and flows according to this electrical potential difference, 
While determining the initial value of an electrical angle as a section specification means to specify 
whether an electrical angle belongs to which the section of 0-pi or pi - 2pi once [ at least ], from said 
detected electrical angle and the specified this section It is electrical angle detection equipment equipped 
with a renewal means of an electrical angle to update a current electrical angle using the electrical angle 
detected by said include-angle detection means, after that. 

[Claim 19] Claims 1,5, and 9 or electrical angle detection equipment given in 18, and a reverse 
electromotive voltage detection means to detect the reverse electromotive voltage generated in said coil 
with rotation of a rotator, Based on the detected this reverse electromotive voltage, in the 2nd electrical 
angle detection means which detects an electrical angle, and the field as for which said rotator is 
carrying out halt or low-speed rotation The driving gear of the synchronous motor equipped with a 
driver voltage impression means to impress the electrical potential difference for a drive to said coil, 
using the detection result of said 2nd electrical angle detection means using the detection result of said 
electrical angle detection equipment except this field on the other hand. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the driving gear of a synchronous motor using the 
electrical angle detection equipment which detects the electrical angle in a synchronous motor, and this 
electrical angle detection equipment. 
[0002] 

[Description of the Prior Art] Conventionally, what detects the rotation location of the permanent 
magnet on a rotator, using a hall device as equipment which detects the electrical angle in a synchronous 
motor, and the equipment which applies high-frcquency voltage between coils and detects the location 
(a control top is an electrical angle) of a rotator from the voltage waveform between coils are proposed 
(for example, JP,58-37790,B). 

[0003] In the case of the synchronous motor which used the permanent magnet, the latter configuration 
uses that a reverse electromotive voltage arises by rotation of a rotator. The location of a reverse 
electromotive voltage, as a result the rotator at that time is presumed from the electrical potential 
difference applied to the coil, and the current which actually flowed. The high-frequency voltage for 
detection is superimposed on the alternating voltage for a drive impressed to stator-winding Hazama in 
fact, it is detecting the voltage waveform between the coil, and an electrical angle is detected. The 
technique of detecting an electrical angle using change of the inductance of such stator winding is 
excellent not using a special sensor. 

[0004] Since the control unit of the motor using such technique does not use the sensor of dedication for 
detection of the rotation location of a rotator, it is also called a sensor loess control unit. In the control 
device of sensor loess, in order to detect an electrical angle correctly, it has a mathematical model in the 
interior and what takes the configuration of correcting the estimated position of a rotator is proposed 
from the difference of the calculated current and the current which actually flowed (for example, 
"implementation of brushless DC motor control system without position transducer" execution 
Nobuyuki Matsui, Heisei 2 semi-conductor power conversion study group data SEP- 90 -21). 
[0005] 

[Problem(s) to be Solved by the Invention] However, by the conventional technique of presuming an 
electrical angle using a reverse electromotive voltage, since a reverse electromotive voltage was not 
produced unless the rotator rotated, in the condition that the rotator has stopped, there was a problem 
said that an electrical angle is undetectable. Although the thing of having moved a sink and a rotator for 
a current to stator winding at random by the beforehand regular pattern, and producing a reverse 
electromotive voltage was also proposed in order to measure an electrical angle by the idle state, in the 
system which may be directly linked with the external member, the revolving shaft of a motor might 
produce the motion besides ** in the external member, and was not able to call it desirable technique. 
For example, like an electric vehicle, when the motor and the tire are connected by the gear, driving 
force will be transmitted to small but a tire. Be [ going to admit a non-control state / just / it / since the 
relation between a car and a road surface can consider various situations / such / so to speak ] 
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[0006] The various proposals accompanying sensor loess control were not able to solve the above- 
mentioned problem when the rotator has stopped, either. When a rotator is more than a predetermined 
rate and it is rotating, control of the motor using this electrical angle detection and this using a reverse 
electromotive voltage is the technique excellent in effectiveness and detection precision. Therefore, 
because the special feature which was excellent in sensor loess control was efficiently employed when 
becoming presumption of an electrical angle until it reaches the condition and a fixed rotational speed 
which the rotator has stopped, and detectable, solution of this problem was that for which it waits 
eagerly in the field of the synchronous motor. 

[0007] In addition, although the method of searching for the electrical angle of a permanent magnet 
motor was studied using the difference in an inductance according to the electrical angle of a 
synchronous motor (for example, JP,6-1 13585,A, and the 64th time, the 74th power electronics study 
group regular-meeting data), it was not able to pass for an electrical angle to be searched for per 30 
degrees, and practical control was not able to be realized. When it was going to search for the electrical 
angle in the precision of less than 30 degrees, about a complicated electrical-potential-difference 
equation, a solution or a colander is not obtained and it could not become practical at this point, either. 
[0008] Even if the rotator had stopped in response to the request of the sensor loess control mentioned 
above, this invention detected the electrical angle often [ precision ] and simply, and was made for the 
purpose of presenting practical control. 
[0009] 

[Means for Solving the Problem] The 1st electrical angle detection equipment of this invention is 
electrical angle detection equipment of the synchronous motor which makes a coil rotate a rotator by the 
interaction of the field according a polyphase current to a sink and this coil, and the field by the 
permanent magnet. The 1st storage means which memorizes beforehand the relation of the behavior of a 
current and the electrical angle which flow according to the electrical potential difference which 
impressed and this impressed the predetermined electrical potential difference to the 1st combination of 
a polyphase, The 2nd storage means which memorizes beforehand the relation of the behavior of a 
current and the electrical angle which flow according to the electrical potential difference which 
impressed the predetermined electrical potential difference and was this impressed to the interphase of 
different combination from said 1st combination, The 1st detection means which impresses said 
electrical potential difference to said 1st combination, and detects the behavior of the flowing current, 
The 2nd detection means which impresses said electrical potential difference to said 2nd combination, 
and detects the behavior of the flowing current, this — let it be a summary to have had an electrical angle 
operation means to search for the electrical angle of said motor by Hazama of 0-2pi, with reference to 
the relation memorized by the said 1st and 2nd storage means based on the behavior of the current 
detected by the 1st and 2nd detection means. 

[0010] The 2nd electrical angle detection equipment of this invention is electrical angle detection 
equipment of the synchronous motor which makes a coil rotate a rotator by the interaction of the field 
according a polyphase current to a sink and this coil, and the field by the permanent magnet. An 
electrical potential difference is impressed to each combination of said polyphase, and it is based on the 
behavior of the current which flows according to this electrical potential difference. By the 
approximation calculation An electrical angle operation means to calculate the electrical angle in the 
section of electrical angle 0-pi or pi - 2pi, Let it be a summary to have had a section specification means 
to specify whether an electrical angle belongs to which the section of 0-pi or pi - 2pi, and an electrical 
angle decision means to determine only one electrical angle from said detected electrical angle and the 
specified this section. 

[001 1] The 3rd electrical angle detection equipment of this invention is set to the above-mentioned 
electrical angle detection equipment. Said section specification means An electrical-potential-difference 
impression means to impress the electrical potential difference equivalent to the nonlinear field of the 
magnetic properties of the magnetic circuit which the specific combination and said specific rotator of 
said polyphase constitute to the combination of the polyphase concerned, Let it be a summary to have 
had a detection means to detect the behavior of the current which flows to this interphase according to 
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the impressed this electrical potential difference, and an electrical angle range specification means to 
pinpoint the range of an electrical angle for pi as a unit from the behavior of the this detected current. 
[0012] The 4th electrical angle detection equipment of this invention is electrical angle detection 
equipment of the synchronous motor which makes a coil rotate a rotator by the interaction of the field 
according a polyphase current to a sink and this coil, and the field by the permanent magnet. Within the 
time amount which the electrical angle pi which becomes settled by the rotational frequency upper limit 
of said motor which detects an electrical angle takes An include-angle detection means to detect the 
electrical angle within the section of electrical angle 0-pi or pi - 2pi based on the behavior of the current 
which impresses an electrical potential difference to a predetermined combination of said polyphase, and 
flows according to this electrical potential difference, While determining the initial value of an electrical 
angle as a section specification means to specify whether an electrical angle belongs to which the section 
of 0-pi or pi - 2pi once [ at least ], from said detected electrical angle and the specified this section Let it 
be a summary to have had after that a renewal means of an electrical angle to update a current electrical 
angle using the electrical angle detected by said include-angle detection means. 

[0013] On the other hand, while the driving gear of the synchronous motor of this invention is equipped 
with the above 1st thru/or the 4th electrical angle detection equipment A reverse electromotive voltage 
detection means to detect the reverse electromotive voltage generated in said coil with rotation of a 
rotator, Based on the detected this reverse electromotive voltage, in the 2nd electrical angle detection 
means which detects an electrical angle, and the field as for which said rotator is carrying out halt or 
low-speed rotation On the other hand, let it be a summary to have had a driver voltage impression means 
to impress the electrical potential difference for a drive to said coil using the detection result of said 2nd 
electrical angle detection means using the detection result of said electrical angle detection equipment 
except a field. 
[0014] 

[Function] The 1st electrical angle detection equipment of this invention detects the behavior of the 
current which flows with the 1st detection means according to the electrical potential difference which 
impressed and this impressed the predetermined electrical potential difference to the 1st combination of 
the polyphase of a synchronous motor. On the other hand, the behavior of the current which flows with 
the 2nd detection means according to this electrical potential difference that impressed the 
predetermined electrical potential difference and was impressed to the interphase of different 
combination from the 1st combination is detected. Even if the rotator is not rotating, if the inductance of 
a coil changes with locations (electrical angle) of a rotator and is in a synchronous motor, two or more 
locations of a rotator where the inductance of one interphase serves as the same value are possible. 
Therefore, with at least two or more detection means, by detecting the behavior of the current reflecting 
an inductance and referring to the relation of the behavior of a current and the electrical angle which 
were beforehand memorized for the 1st and 2nd storage means, decision becomes possible in the range 
of the electrical angles 0-2pi about the location of a rotator, and an electrical angle operation means 
searches for the electrical angle of a synchronous motor in this way. 

[0015] A means to memorize the behavior of a current and the relation of the inductance according to an 
electrical angle as 1st and 2nd storage means here can be used. In this case, since what is necessary is 
just to actually memorize the relation between the behavior of a current, and an inductance, a high 
detection precision is realizable with an easy configuration. 

[0016] If the behavior of a current and the relation of the inductance according to an electrical angle are 
what is different by 0-pi of an electrical angle, and pi-2pi, the 1st and 2nd detection means can perform 
detection of an electrical angle easily. It is also suitable that there are many methods of realizing such 
relation, for example, constitute the pole pair of a synchronous motor from N pole and the south pole 
from which a magnetic property differs, and the behavior of said current of per the electrical angle pi 
makes it the behavior in other electrical angles pi and different behavior. 
[0017] Moreover, the thing which impresses the electrical potential difference equivalent to the 
nonlinear field of the magnetic properties of the magnetic circuit which the combination and said rotator 
of the polyphase which impresses said electrical potential difference constitute to the combination of the 
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polyphase concerned then the behavior of a current, and the relation of the inductance according to an 
electrical angle become what is different by 0-pi of an electrical angle, and pi-2pi. 
[0018] Like the 2nd electrical angle detection equipment of this invention, an electrical angle shall be 
calculated by the approximation calculation based on the behavior of said current. An electrical angle 
operation means is set to a three phase synchronous motor. For example, about the combination of N 
(N>=3) individual of a polyphase Sequential impression of the electrical potential difference is carried 
out, among the behavior of the current of N individual which detected and asked for the behavior of the 
current which flows according to the this impressed electrical potential difference, what has the smallest 
error by straight-line approximation can be chosen, and the electrical angle of said motor can also be 
searched for by straight-line approximation from the behavior of the selected current. Or behavior of a 
current is surveyed about N-l in the combination of N individual, and it does not interfere about 
remaining one piece as what is calculated from the actual measurement concerned of N-l piece. 
[0019] Moreover, if it is a three phase synchronous motor among synchronous motors, each current 
value at the time of impressing a predetermined electrical potential difference to the interphase of each 
combination of a three phase will be detected. [ in the area which specified any one of the areas which 
divides the electrical angle pi into six equally, and was further this pinpointed from the relation of the 
size of three current values ] the average of three detected current values — this — About the interphase 
in which said current value has extremal value, the electrical angle within the section of 0-pi or pi - 2pi 
can be searched for based on the thing which asks for the phase in this area of an electrical angle by the 
approximate expression of theta**tan theta, then the pinpointed area and the called-for phase. 
[0020] In the 2nd electrical angle detection equipment which calculates an electrical angle by the 
approximation calculation, the 3rd electrical angle detection equipment of this invention has the 
description in the configuration which judges whether an electrical angle belongs to which the section to 
0-pi or pi-2pi, and can pinpoint the range where an electrical angle belongs by size with the threshold 
beforehand determined as the magnitude of the current at the time of impressing the electrical potential 
difference of a nonlinear field for example. In this case, although detection and a comparison of a 
current value can be substituted for at least 1 time if the interphase which impresses an electrical 
potential difference is changed according to the electrical angle within the section of 0-pi or pi - 2pi, 
changing the interphase which impresses an electrical potential difference and performing multiple 
times, and measurement and a comparison does not interfere, either. 

[0021] The precision of a judgment can be raised as what compares by switching the size of a threshold 
by to which section specified by the include-angle detection means an electrical angle belongs since the 
current values over impression of a predetermined electrical potential difference differ greatly. On the 
contrary, the magnitude of the electrical potential difference to impress is determined based on the 
section specified by the include-angle detection means, it is not necessary to make the thing which 
pinpoints the range of an electrical angle, then the electrical potential difference to impress large to ** 
by size with the threshold beforehand determined as the magnitude of the current which flows to a 
interphase according to the impressed electrical potential difference, and the evil accompanying 
impression of the high voltage can be removed. 

[0022] The section when an electrical angle belongs can impress the electrical potential difference 
equivalent to the nonlinear field of the magnetic properties of the magnetic circuit which the specific 
combination and said specific rotator of a polyphase constitute to a predetermined interphase, and pi can 
specify as a unit because this electrical potential difference distinguishes the size of a current which 
flows to the interphase which impresses the electrical potential difference from which a polarity differs 
to a different interphase from the interphase which impressed this electrical potential difference, and 
corresponds according to each impressed electrical potential difference continuously. 
[0023] Even in this case, since the ease of distinction changes with areas where the electrical angle 
within the section of 0-pi or pi - 2pi belongs, if it is decided based on the area where an electrical angle 
belongs that it will be the interphase which is easy to distinguish the interphase which impresses an 
electrical potential difference, if this applied voltage is made into the lower limit of a nonlinear field, it 
can be **(ed). 
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[0024] When an electrical potential difference is impressed to a interphase, even if it stops impression of 
an electrical potential difference, predetermined time amount is taken for an electrical potential 
difference to fall by transient reduction. Then, after detecting the behavior of the current over the 
impressed electrical potential difference, the thing for which the impressed electrical potential difference 
is reduced quickly and which shorten time amount until it carries out a thing and becomes detectable 
[ the degree of the behavior of a current ] is also suitable. In order to reduce the impressed electrical 
potential difference quickly, a interphase may be short-circuited and reverse voltage may be impressed 
to a interphase. 

[0025] In addition, if the frequency of the electrical potential difference to impress is controlled in a 
frequency higher than the frequency of the alternating voltage by which it is impressed for a drive at said 
coil, also where the alternating voltage for a drive is applied, the signal for detection of an electrical 
angle can be extracted easily. Moreover, the drive of a synchronous motor is not affected. 
[0026] Although the behavior of the current which a detection means detects can consider various 
things, it can consider the configuration which detects the inductance of the coil which becomes settled 
with the location (electrical angle) of a rotator and the amounts which have correlation, such as time 
amount until a current value rises to a predetermined current value, a current value after predetermined 
time progress, and a differential value of the current value at the predetermined time progress time, 
paying attention to the transient phenomenon after impressing a predetermined electrical potential 
difference, for example. Moreover, it is good also as what detects the behavior of a current based on the 
transient response of the side to which an electrical potential difference is made into 0 thru/or a low 
electrical potential difference after impressing a predetermined time predetermined electrical potential 
difference, and the electrical potential difference falls. 

[0027] According to the 4th electrical angle detection equipment of this invention, within the time 
amount which the electrical angle pi in which an include-angle detection means becomes settled by the 
rotational frequency upper limit of said motor which detects an electrical angle takes, an electrical 
potential difference is impressed to a predetermined combination of said polyphase, and the electrical 
angle within the section of electrical angle 0-pi or pi - 2pi is detected based on the behavior of the 
current which flows according to this electrical potential difference. The way things stand, it specifies 
[ to which an electrical angle belongs to any of 0-pi or pi - 2pi / or or ] whether since specification 
cannot be carried out, an electrical angle belongs to which the section of 0-pi or pi - 2pi once [ at least ] 
with a section specification means. In this way, the initial value of an electrical angle is determined from 
the detected electrical angle and the specified this section. After that, since whether it belongs to which 
range can specify an electrical angle on count even if it detects an electrical angle within the section of 
0-pi or pi - 2pi, a current electrical angle is updated using this electrical angle. 

[0028] On the other hand, the driving gear of the synchronous motor of this invention is equipped with 
above electrical angle detection equipment, and a driver voltage impression means impresses the 
electrical potential difference for a drive to the coil of a synchronous motor using the detection result of 
this electrical angle detection equipment in the field as for which the rotator is carrying out halt or low- 
speed rotation. On the other hand, except this field, a reverse electromotive voltage detection means 
detects the reverse electromotive voltage generated in a coil with rotation of a rotator. Based on this 
reverse electromotive voltage, with the 2nd electrical angle detection means, an electrical angle is 
detected and a driver voltage impression means impresses the electrical potential difference for a drive 
to a coil using the detection result of the 2nd electrical angle detection means. 
[0029] 

[Example] In order to clarify further a configuration and an operation of this invention explained above, 
the suitable example of this invention is explained below, the block diagram showing the outline 
configuration of the motor control equipment 10 with which drawing 1 contains the electrical angle 
detection equipment as one example of this invention, the explanatory view showing the outline 
configuration of the three phase synchronous motor 40 from which drawing 2 serves as a controlled 
system, and the end view in which drawing 3 shows the relation between the stator 30 of this three phase 
synchronous motor 40, and a rotator 50 — it comes out. 
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[0030] First, the whole three phase synchronous motor 40 structure is explained using .drawing 2 . This 
three phase synchronous motor 40 consists of a stator 30, a rotator 50, and a case 60 that contains these. 
The permanent magnet 52 is stuck on the periphery and the rotator 50 is supported to revolve free 
[ rotation ] by the bearing 61 and 62 in which the revolving shaft 55 prepared in the shaft center was 
formed by the case 60. 

[0031] A rotator 50 carries out two or more sheet laminating of Rota 57 which pierced and fabricated the 
non-oriented magnetic steel sheet. This Rota 57 equips with four salient poles 71 thru/or 74 the location 
which intersects perpendicularly, as shown in drawing 3> . After carrying out the laminating of Rota 57, a 
revolving shaft 55 is pressed fit and it carries out [ tacking ] of Rota 57 which carried out the laminating. 
In Rota 57 made from this magnetic steel sheet, the insulating layer and the glue line are formed in that 
front face, it heats to after [ a laminating ] predetermined temperature, and melting and immobilization 
of a glue line are done. 

[0032] In this way, after forming a rotator 50, it is the peripheral face of a rotator 50 and a permanent 
magnet 5 1 thru/or 54 are stuck on a salient pole 71 thru/or the mid-position of 74 [ shaft orientations ]. 
This permanent magnet is magnetized in the thickness direction. Where a rotator 50 is attached to a 
stator 30, if its attention is paid to the permanent magnets 51 and 52 of a lot, these permanent magnets 
5 1 and 52 will form the magnetic path Md which pierces through Rota 57 and a stator 20 (refer to 
drawing 3 alternate long and short dash line). 

[0033] The stator 20 which constitutes a stator 30 is formed by piercing the sheet metal of a non- 
oriented magnetic steel sheet as well as Rota 57, and as shown in drawing 3 , it is equipped with a total 
of 12 teeth 22. The coil 32 which makes a stator 30 generate rotating magnetic field is wound around the 
slot 24 formed between teeth 22. In addition, although the bolthole which lets the bolt 34 for 
immobilization pass is prepared in the periphery of a stator 20, illustration is omitted in drawing 3 . 
[0034] A stator 30 is once fixed by heating and fusing a glue line as a condition which carried out the 
laminating of the tabular stator 20, and pressed each other. After winding a coil 32 around teeth 22 and 
completing a stator 30 in this condition, this is attached to a case 60, through and this are bound tight for 
the bolt 34 for immobilization to a bolthole, and the whole is fixed to it. Furthermore, this three phase 
synchronous motor 40 is completed by attaching a rotator 50 free [ rotation ] by the bearing 61 and 62 of 
a case 60. 

[0035] If an exciting current is passed so that rotating magnetic field may be generated in the stator coil 
32 of a stator 30, as shown in drawing 3 , the magnetic path Mq which pierces through an adjoining 
salient pole and Rota 57, and a stator 20 will be formed. In addition, the magnetic flux formed with d 
shaft, and a call and the stator coil 32 of a stator 30 in the shaft with which the magnetic flux formed 
with the permanent magnet 52 mentioned above pierces through a rotator 50 in the direction of a path 
calls q shaft the shaft which pierces through a rotator 50 in the direction of a path. Electrically in this 
example (pole 4), both shafts are making the include angle of 90 degrees. 

[0036] Next, the configuration of motor control equipment 10 is explained according to drawing 1 . 
Motor control equipment 10 The torque command from the outside Popularity is won. The three phase 
of the three phase synchronous motor 40 The motor current of (U, V, and W phase) The motor current 
control circuit 100 to control, The U phase current Iu and the V phase current Iv of the three phase 
synchronous motor 40 The current detector 102,104 to detect and the detected current The current- 
torque conversion machine 110 converted into torque value, two analog-to-digital converters (ADC) 
1 12,1 14 which change into digital data the current value similarly detected, one chip microprocessor 
(CPU) 120 which performs the operation of an electrical angle, and an electrical angle It consists of 
memory 122 which memorized the table for calculating. The torque converted with the current-torque 
conversion vessel 1 10 is added so that difference with a torque command value may be taken, and it has 
composition which carries out feedback control of the actual torque of the three phase synchronous 
motor 40. Moreover, the electrical-potential-difference impression section 130 which determines the 
electrical potential difference impressed between each coil of a motor so that each phase currents Iu, Iv, 
and Iw of the motor determined based on the torque command may be acquired as the motor current 
control circuit 100 is formed in the output stage. The control output from CPU 120 is outputted to this 
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electrical-potential-difference impression section 130, and it is possible to control from the outside the 
electrical potential difference impressed to each coil of the three phase synchronous motor 40. This point 
is explained to a detail later. 

[0037] Next, in the motor control equipment 10 which controls the three phase synchronous motor 40 of 
this configuration, and this, the principle and the actual configuration which detect the electrical angle of 
a rotator 50 are explained in detail. Drawing 4 is the representative circuit schematic of the three phase 
synchronous motor 40. When the predetermined electrical potential difference El is applied to U phase 
and VW interphase of the three phase synchronous motor 40 in step function so that it may illustrate, the 
current Iu (t) which flows here shows the transient response which becomes settled by the inductance 
component L of a circuit. The graph of drawing 5 showed an example of this transient response. In 
addition, the inductance L of a circuit serves as a function of the electrical angle theta of the rotator 50 at 
that time. That is, if it is in the condition (quiescent state) that the rotator 50 is not rotating, the 
inductance L of a circuit becomes settled according to the angle (electrical angle) which d shaft of this 
rotator 50 makes to q shaft electrically. 

[0038] The current (it is hereafter called U phase current) (t) Iu which flows in the equal circuit shown 
in drawing 4 shows the response of a degree type (1). 
Iu(t) = (1-exp (-Rt/L)} El/R - (1) 

Here, exp() shows an exponential function, R shows the impedance of a circuit and t shows time 
amount. If the U phase current Iu in this case (t) has a large inductance L as shown in the bottom column 
of drawing 5 , the increment in a current is slow, and as for the time amount Ttheta2 until a current goes 
up to a predetermined value, an inductance L becomes larger than the time amount Tthetal in the case of 
being small. The inductance L and the electrical angle theta showed the correlation of the symmetry 
focusing on the electrical angle pi (180 degrees) like drawing 6 in this example. In drawing 6 , a 
continuous line shows an example of the actual measurement of the inductance between U-VW, and the 
relation of an electrical angle, and a broken line shows an example of the actual measurement of the 
inductance between V-WU, and the relation of an electrical angle. In addition, the above explanation is 
premised on the case where the rotator 50 has stopped. In the example, these relation is measured 
beforehand and it memorizes in memory 122. 

[0039] If time amount Ttheta until the current which flows to each phase reaches a predetermined value 
is measured, the inductance L of a coil can be known. If an inductance L is known, the rotation location 
theta where a rotator 50 is possible, i.e., an electrical angle, will become clear. In addition, as shown in 
drawin g 7 , the pulse of the predetermined electrical potential difference E can be impressed, and the 
inductance of a circuit can be known also by measuring the maximum of a current which flows in a coil 
to this electrical potential difference E. In this case, the maximum current value Iml when an inductance 
is small turns into a big value from the maximum current value Im2 when an inductance is large. 
[0040] In the actual measurement shown in drawing 6 , although the relation between an electrical angle 
and an inductance differs by 0 - pi, and pi-2pi, an electrical angle and an inductance essentially show the 
same relation by 0 - pi, and pi-2pi. However, in the example, if distinction of both the sections did not 
stick, since it was difficult to search for an electrical angle from measurement of a current value, both 
relation should be differed in both the sections, as shown in drawing 6 . Although later mentioned about 
the approach of considering an electrical angle and an inductance as relation which is different in both 
the sections, in this example, as it is indicated in dra wing 6 as an electrical angle and an inductance, it is 
a high order function, and the relation is surveyed and is memorized by memory 122 in the table format. 
Since two or more electrical angles theta to which the inductance in the circuit of one interphase 
becomes the same may exist so that it may illustrate, even if the inductance about a plane 1 is known, 
the electrical angle theta does not become settled uniquely. This situation is explained according to 
drawing 6 . Supposing the inductance for which it asked from the maximum current Im2 at the time of 
impressing the time amount Ttheta2 until the current reaches a predetermined value, or the pulse of the 
predetermined electrical potential difference E about U phase is L2, as an electrical angle it is supposed 
that it is possible of an electrical angle from the graph about U phase, four, alpha 1 thru/or alpha 4, will 
be found out. 
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[0041] Next, the inductance is similarly measured about V phase. The electrical angle theta of V phase 
and the relation with an inductance L are that to which only 120 phases shifted the relation about U 
phase. Supposing the inductance for which it asked from the maximum current Iml at the time of 
impressing the time amount Tthetal until the current reaches a predetermined value, or the pulse of the 
predetermined electrical potential difference E about V phase is LI, as an electrical angle it is supposed 
that it is possible of an electrical angle from the graph about V phase, four, beta 1 thru/or beta 4, will be 
found out. Therefore, the electrical angle alpha 1 (= beta 1) is determined as an actual electrical angle of 
a rotator 50 as a point that the value about U phase and the value about V phase are both satisfied. 
[0042] The processing in CPU 120 for actually detecting an electrical angle is explained. Drawing 8 is a 
flow chart which shows the electrical angle detection manipulation routine which CPU 120 carries out. If 
this processing is started, CPU120 will start the timer built in CPU120 while impressing the 
predetermined electrical potential difference El between U-VW first, so that it may illustrate (step 200). 
Impression of the predetermined electrical potential difference El is performed by outputting the signal 
defined beforehand to the electrical-potential-difference impression section 130. Then, the output of the 
current detector 102 is read through ADC1 12, and the U phase current Iu (t) is detected (step 205). The 
read U phase current Iu (t) is the predetermined value Iref. It judges whether it reached or not (step 210), 
and when it reaches, the time amount t is read as elapsed time Tutheta of a timer (step S215). 
[0043] Next, after stopping impression of the electrical potential difference between U-VW and carrying 
out predetermined time progress, while impressing the predetermined electrical potential difference El 
between V-WU, a timer is again started from 0 (step 220). Then, the output of the current detector 104 is 
read through ADC1 14, and the V phase current Iv (t) is detected (step 225). The read V phase current Iv 
(t) is the predetermined value Iref. It judges whether it reached or not (step 230), and when it reaches, 
the time amount t is read as elapsed time Tvtheta of a timer (step S235). Then, with reference to the 
table memorized in memory 122, a maximum of four electrical angles alpha 1 which become settled 
from both elapsed time alpha4 and betal thru/or beta 4 are calculated from read two elapsed time 
Tutheta and Tvtheta (step 240). Furthermore, the difference of these electrical angles searches for the 
combination which becomes below the allowed value epsilon, i.e., the combination used as | alpha m- 
beta n|<=epsilon, and outputs this as an electrical angle (step 245). The signal of the outputted electrical 
angle is outputted to the motor control circuit 100, and is used for a setup of the phase of the signal 
impressed to U [ at the time of starting ], V, and W each phase as information on the rotation location of 
the rotator 50 at the time of starting a motor 40. 

[0044] According to the example explained above, the three phase synchronous motor 40 can be 
smoothly put into operation using the inductance of a coil, and a request can be controlled also by the 
condition that the rotator 50 has stopped, from the time of rotation initiation. And it is not necessary to 
form independently the sensor which detects the rotation location (electrical angle) of a rotator 50. In 
addition, if the magnitude or its impression time amount of the electrical potential difference El 
impressed to the coil between U-VW is suppressed to the electrical potential difference on which the 
current exceeding the starting torque of a motor flows, or below impression time amount, there will be 
no possibility that a motor 40 may start. Consequently, the electrical angle theta can be detected, the 
synchronous motor control unit 10 of controllable sensor loess can be easily constituted also from a idle 
state, and the miniaturization of equipment and high reliance-ization are also attained. Rotation of an 
unexpected motor is not produced at the time of starting. 

[0045] Next, the 2nd example of this invention is explained. Even after the motor control equipment 
containing the electrical angle detection equipment of the 2nd example is equipped with the 
configuration of hardware shown in drawing 9 and a motor starts it, it differs from the 1st example in 
that an electrical angle is detected. As shown in drawing 9 , the motor control equipment 250 of the 2nd 
example of the 1st example and a fundamental configuration is the same, and it replaces with 
ADC 1 12,1 14 and has the envelope detecting element 272,274 which takes out the envelope (envelope) 
of the output signal of the band pass filter 262,264 which processes the signal from the current detector 
102,104, and a band pass filter 262,264. Moreover, in the 2nd example, it has the RF generating section 
260 which generates a RF signal to the electrical-potential-difference impression section 130. 
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[0046] This RF generating section 260 is a circuit which generates the voltage signal Vh of a high 
frequency (for example, the frequency 5 high single or more figures thru/or 10kHz) in extent in which 
this and discrimination are possible to the frequency (it is the frequency which determines the rotational 
speed of a motor, for example, they are 0 thru/or 300Hz) of the alternating voltage Vb impressed to each 
coils U, V, and W of the three phase synchronous motor 40, as typically shown in drawing 10 thru/or 
drawing 1 2 . In the electrical-potential-difference impression section 130, as shown in drawing 12 , the 
signal which superimposed the RF signal Vh which the RF generating section 260 outputs to the 
alternating voltage Vb for a drive outputted by the command from the motor current control circuit 100 
is generated, and this is impressed to each coil of the three phase synchronous motor 40. 
[0047] As the 1st example was explained, since the inductance between each coil changes with change 
of an electrical angle with rotation of a rotator 50, the current which flows to each coil by the high 
frequency component contained in the voltage signal to impress also changes every moment. This U 
phase current Iu (t) and the V phase current Iv (t) which were detected with the current detector 102,104 
are shown in drawing 1 3 . In addition, drawing 1 3 showed the detection value as a detecting signal Vs 
which the current detector 102,104 outputs. Since the band pass filter 262,264 which inputs this signal 
Vs passes only the signal of the predetermined frequency width of face centering on the high frequency 
component generated in the RF generating section 260, as the output signal **** of a band pass filter 
262,264 is shown in drawing 14 , it becomes what extracted only the high frequency component on 
which Signal Vs is overlapped. Furthermore, what inputted this signal **** into the envelope detecting 
element 272,274, and took out the envelope by the side of plus of a signal is the signal Ve shown in 
drawing .15 . 

[0048] In case CPU120 performs the roll control of the three phase synchronous motor 40, it repeats and 
performs the electrical angle detection manipulation routine shown in dra win g 16 . That is, processing 
which reads the amplitude Iu and Iv of a search current first is performed (step S280). Since it is 
changing in the form where the phase shifted as this processing reads the amplitude in a certain time 
about U phase and V phase and the current amplitude of U phase and V phase is shown in drawing 17 , 
it can read, respectively. Then, an electrical angle is judged by the same view as the 1st example 
explained to memory 122 with reference to the table memorized beforehand (step 285). In memory 122, 
the current amplitude about U phase and the current amplitude about V phase are memorized. The 
electrical angle which corresponds with reference to this table with both the detected amplitude is 
determined as a meaning. 

[0049] In this way, after determining an electrical angle, the data of the electrical angle currently 
outputted to the motor current control circuit 100 are updated (step 290). Like the 1st example, although 
the motor current control circuit 100 calculates the drive current of the three phase synchronous motor 
40 based on a torque command value and a current output torque, it determines the frequency and phase 
of driver voltage with reference to the information on the current electrical angle which CPU 120 outputs 
in that case. 

[0050] The electrical angle of the rotator 50 under rotation is detectable by sensor loess with the motor 
control equipment 250 of this example constituted as mentioned above. Therefore, the configuration of 
motor control equipment 250 can be made simple, and reliable equipment can be realized. In addition, if 
only a high frequency component is outputted using a drive current as 0, it is also easy to detect an 
electrical angle when the rotator 50 has stopped. 

[0051] When applied voltage for a drive is set to 0, the electrical potential difference impressed to each 
phase serves as only a high frequency component. About this, the signal superimposed in the 2nd 
example is the amplitude V0, as it is shown in drawing 18 , although explained as a square wave. It can 
consider as the form near an alternating current wave form. In this case, the current which the current 
detector 102,104 detects becomes what is shown in the bottom column of drawing 18 , and the 
amplitude value is in those top-most vertices P serves as a degree type (2). Here, R is the impedance of a 
circuit and omega is a value which sets the frequency of the electrical potential difference to impress to 
f, and is set to omega=f / 2pi. 
is=V0/(R2+omega 2L2)l/2 - (2) 
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[0052] Therefore, like the above-mentioned example, this current amplitude value is can be calculated 
about each of U phase and V phase, and the electrical angle of the future present can be searched for. In 
this case, there is an advantage that there is almost no sound generated from the three phase synchronous 
motor 40 compared with the case where a pulse voltage is applied. The noise as which the outside of a 
audio range, then a user sense the frequency of the AC signal impressed from the first is reduced further. 

[0053] In the two examples explained above, the relation between an electrical angle and an inductance 
had become what is electrical angle 0-pi or pi-2pi, and is different. As shown in drawing 19 (A) and (B), 
the relation between the electrical angle in both the sections, an inductance as a result an electrical angle, 
and the detected current value shall essentially become the same, and should change this with next 
configurations in the above-mentioned example. 

[0054] If the magnetic flux H added from the outside becomes more than fixed as the relation between 
the magnetic flux H added from the outside of the magnetic substance and the magnetic flux B inside the 
magnetic substance is shown in drawing 20 , the internal magnetic flux B will be saturated, and it is 
known that nonlinearity is shown. It is known between the external magnetic flux H and the internal 
magnetic flux B that there is relation of a degree type (3). 
B=mu (H) and H= (L(H) and D/N2A} H - (3) 

D: Magnetic-path length, the number of N: coil turns, A : magnetic-path cross section [0055] In a 
formula (3), since D, N, and A are constants, inductance L (H) will have nonlinearity. By the way, in the 
synchronous motor using a permanent magnet, since a permanent magnet exists on a rotator 50, the 
external magnetic field for the magnetic substance of U phase serves as total with the field by the 
permanent magnet of a rotator 50, and the field by the current which flows in a coil, for example. As 
shown in drawing 20 , in the condition that N pole of a permanent magnet has countered the iron core of 
U phase, the magnetic flux in an iron core serves as relation of Point a. If a current is passed from here 
from U phase to VW phase as shown in drawing 4 , the magnetic flux by the coil current will be added 
and the magnetic flux in an iron core will serve as relation of Point b. Since most differences will not be 
seen at Point a and Point b if a current is small, the to some extent big current needed to be passed and, 
moreover, Point b needs to be contained in the nonlinear field. Therefore, it asks for the magnitude of 
the current to pass experimentally. 

[0056] On the other hand, when the south pole of a permanent magnet has countered, the external 
magnetic flux H by the permanent magnet and the magnetic flux B inside an iron core serve as relation 
of the point c of drawing 20 , and if the current of the same magnitude as having required for moving to 
a coil from the point a describing above to Point b in this direction is passed, both relation will move to 
Point d. Change of Hazama of the external magnetic flux at the time of passing this direction and the 
current of the equivalent in a coil and internal magnetic flux is change which one side starts to a 
nonlinear field, and another side differs in that it stops at change in a linearity field. Therefore, it can 
know whether if it puts in another way the exception of whether the present N pole has countered or the 
south pole has countered by passing the current of the magnitude included in a nonlinear field, it is in a 
coil to the field of whether an electrical angle is in the field of 0 - pi, and 2pi pi -. By the synchronous 
motor 40 of an example, the relation of the electrical angle and current (inductance) had actually turned 
into relation which is different by 0-pi and pi-2pi, as shown in drawing 6 . 

[0057] In order to change the relation between an electrical angle and a current (inductance) by electrical 
angle 0-pi and pi-2pi, it is realizable also by making unsymmetrical magnetic relation to a stator 30 and 
a rotator 50 outside this. For example, the configuration which sticks the magnetic substance 86 thru/or 
89 on one side by which permanent magnets 52 and 54 were alternately magnetized the permanent 
magnet 5 1 by the side of a rotator 50 thru/or among 54, and the front face of salient poles 72 and 74 can 
be considered. Drawing 21 is the explanatory view redrawn linearly, in order to plan the facilities of an 
understanding for the rotator 50 and stator 30 of a synchronous motor, it illustrates — as — the inferior 
surface of tongue of the permanent magnet 52 of a rotator 50 — the magnetic substance 86 — the 
magnetic substance 86 is formed in the front face of a salient pole 72, and the magnetic substance 89 is 
respectively formed for the magnetic substance 88 in the inferior surface of tongue of a permanent 
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magnet 54 on the front face of a salient pole 74. In this case, since those properties differ by the case 
where it does not exist with the case where the magnetic substance 86 and 87 exists when its attention is 
paid to the permanent magnets 5 1 and 52 of the pair which constitutes a magnetic pole, the relation 
between an electrical angle and the current which flows to each phase is with 180 degrees (0-pi) in 
which the magnetic substance 86 and 87 does not exist, and 180 degrees (pi-2pi) in which the magnetic 
substance 98 exists, and becomes a different thing. 

[0058] In addition, since what is necessary is just to break down the symmetric property of magnetic 
relation about one pole pair, the magnetic substance may be prepared in a stator 30 side. This example 
was shown in drawing 21 as the magnetic substance 90 and 91 . Moreover, even if it prepares the field of 
non-magnetic material into a magnetic path, it does not interfere. Furthermore, it is realizable even if it 
devises the part volume of a three phase coil. 

[0059] Next, the 3rd example of this invention is explained. Although the electrical angle and the current 
(inductance) measured the electrical angle in the 1st and 2nd example of the above by detecting 
respectively the current which shall differ by electrical angle 0-pi and pi-2pi, and flows to two phases 
Finally in the following examples, the electrical angle is searched for by measuring an electrical angle 
using the linearity field shown in drawi ng 20 within the limits of 0-pi or pi - 2pi, measuring additionally 
after that, and determining whether an electrical angle belongs to which range (0-pi or pi-2pi). At this 
point, it differs from the 1st and 2nd example. In addition, in the following explanation, the electrical 
angle specified within the limits of either 0-pi or pi - 2pi is indicated to be phi, and the electrical angle 
uniquely specified in the range of 0-2pi is called theta, and is distinguished. 

[0060] First, it explains from the configuration of a synchronous motor and its control unit. Drawing 22 
is the outline block diagram of the motor control equipment of the 3rd example. This motor control 
equipment is equipment which drives the three phase synchronous motor 40, and consists of an 
electronic control unit (only hereafter referred to as ECU) 300 which manages operation control, and an 
inverter 310 which actually drives the three phase synchronous motor 40 in response to the control 
signal from ECU300. ECU300 is constituted as an arithmetic logic operation circuit equipped with 
CPU301, ROM302, RAM303, etc. of common knowledge, outputs a control signal to an inverter 310 
through an output port 307, and controls the resistance welding time to each phase while it inputs each 
detected phase currents IU, IV, and IW through input port 306 and detects an electrical angle so that it 
may mention later. 

[0061] The inverter 310 consists of current detectors 320,321,322 which detect the current of the main 
drive circuit 314 which consists of a large power switching transistor of the 312 or 6 interface sections 
which manage an interface with ECU300, and controls directly the energization to each phase of the 
three phase synchronous motor 40, the PURIDO live circuit 316,318 which drives this main drive circuit 
3 14 by the source and sink side, U phase, V phase, and W phase. The main power supply which drives 
the three phase synchronous motor 40 is connected to the notation in drawing "+", and and the 
power source of the positive/negative for control by which the inverter 310 interior was stabilized is 
connected to a notation "+V" and "-V" from the power circuit which is not illustrated, respectively. 
[0062] The interface section 312 is equipped with the dead-time generation circuit which generates a 
dead time so that it may be the circuit which outputs a signal required for reception and the PURIDO 
live circuit 316,318 and the transistor of the pair of the main drive circuit 314 may not be in an ON state 
especially about the signal from ECU300 at coincidence. Moreover, when a SHUTDOWN signal is 
outputted from ECU300, the gate which intercepts all the signals by the side of the PURIDO live circuit 
316,318 is also prepared. 

[0063] The PURIDO live circuit 316,318 is a circuit to which the large power switching transistor of the 
main drive circuit 314 is made to switch at high speed. In addition, in this example, the insulated-gate 
bipolar mode transistor (IGBT) was used as a large power switching transistor. 
[0064] It realizes in the ECU300 interior and the electrical angle detection equipment of this 3rd 
example showed that outline to the flow chart of drawing 23 . Namely, the electrical angle detection 
equipment realized in the ECU300 interior First, impress an electrical potential difference to a 
interphase and each phase current is measured (step S330). The electrical angle phi in within the limits 
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of 0-pi or pi - 2pi is calculated (step S340), processing which specifies next whether it is which range of 
0-pi or pi - 2pi is performed (step S350), and, finally the electrical angle theta in the range of 0-2pi is 
searched for (step S360). Among these, since it can treat as processing that the processing (the 1st step) 
which impresses an electrical potential difference to a predetermined interphase, and calculates in the 
electrical angles phiO-pi or one range of pi - 2pi and the processing (the 2nd step) which judges whether 
an electrical angle belongs to which range are independent, each step is explained in order below. 
[0065] An electrical potential difference is applied in the range which does not carry out magnetic 
saturation to <example 1-1 of configuration of ** 1st of 1st step> each interphase (for example, between 
U-VW), and a plotting [ measured maximum current Iu, Iv, and Iw by the current detector 320 thru/or 
322, and ]-this thing is shown in drawing 24 . since the current of each interphase has shifted by a unit of 
120 degrees, when its attention is paid to zero - 180 electrical angles, it turns out that the relation of the 
maximum current Iu, Iv, and Iw of each phase changes by a unit of 30 degrees, and all comes out, and it 
becomes six kinds of combination. Namely, partition 1 (0 - 30 degrees) ->Iu>Iv>Iw partition 2 (30 - 60 
degrees) ->Iv>Iu>Iw partition 3 (60 - 90 degrees) ->Iv>Iw>Iu partition 4 (90 - 120 degrees) ->Iw>Iv>Iu 
partition 5 (120 - 150 degrees) ->Iw>Iu>Iv partition 6 (150 - 180 degrees) ->Iu>Iw>Iv [0066] In this 
partition, it can consider that it is the straight line which has middle magnitude among each phase 
maximum current of each section (for example, the partition 1 Iv and a partition 2 Iu ...), and it can be 
approximated. If it is this example, the electrical angle phi can be searched for by the degree type (4), 
being able to use a slope of a line as m by the ability using to In the current which carries out straight- 
line approximation of the average of each phase maximum current in lav and the n-th partition. 
theta=(n-l) x30+15+sgnx(Iav-In) xm - (4) 

In addition, they are the sgn= 1 :partitions 1, 3, and 5 and the -1 :partitions 2, 4, and 6 here. That is, in an 
odd number partition, sgn is a value 1, and sgn is a value -1 in even partitions. Moreover, in partitions 1 
and 4, it is In=Iw in In=Iv and partitions 2 and 5 in In=Iu and partitions 3 and 6. 
[0067] In this example, the overall average lav of a current was 1 10A. As an example, supposing it is 
Iu=130A, Iv=95A, and Iw=l 12 A, the size relation (Iu>Iw>Iv) of these values will show that it is a 
partition 6, a formula (4) will be calculated as n= 6 and sgn=-l, and theta= 168 will be obtained. In 
addition, in this example, the average of an actual measurement is set to (130+95+1 12) / 3= 1 12.3, and 
is not in agreement with average 1 10A supposed beforehand. In this case, you may calculate using the 
actual average. In this case, it is set to theta= 165 in the above-mentioned example. 
[0068] In the above-mentioned example, although each phase maximum current Iu, Iv, and Iw was 
surveyed, when the overall average lav is calculated from control, only Iu and Iw are surveyed and Iv 
does not interfere as what is calculated by count from Iu and Iw which were surveyed, and the average 
lav. In this case, one which is not used for an observation three current detectors 320 thru/or among 322 
becomes unnecessary. 

[0069] In the case of the signal of the <example 1-2 of configuration of ** 2nd of 1st step> cosine wave, 
near the include angle 0, it is known that the approximate expression of theta** (tan2theta) / 2 in a phase 
will be realized. Since that phase has shifted by a unit of 120 degrees, each phase maximum current Iu, 
Iv, and Iw will obtain a degree type (5), if this approximate expression is developed by each phase 
current. 

theta* *(tan2theta)/2 right-hand-side molecule =root3 (IB-IC) 
Right-hand-side denominator = 2{2IA-(IB+IC)} =6IA~ (5) 

IA is deflection with the average of the interphase current on which the phase has taken extremal value 
near 0 times here, and IB and IC are deflection with the average of other interphase currents. In addition, 
when one interphase current has taken extremal value, the sign (**) of the deflection from the average of 
other two interphase currents becomes the same. The sign of deflection **Iu from the average lav of 
each interphase currents Iu, Iv, and Iw, **Iv, and **Iw and divisional relation are shown below. 
[0070] 

Partition **Iu **Iv **Iw partition la (-15 - 15 degrees) Forward (extremal value) Negative Negative 

partition 2a (15 - 45 degrees) Forward Forward Negative (extremal value) 

Partition 3 a (45 - 75 degrees) Negative Forward (extremal value) Negative partition 4a (75 - 105 
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degrees) Negative (extremal value) Forward Forward partition 5a(105 - 135 degrees) Negative Negative 
Forward (extremal value) 

Partition 6a (135 - 165 degrees) Forward Negative (extremal value) As shown in forward, therefore 
drawing 25 , partition la in this example thru/or 6a are by a unit of 30 degrees respectively considering - 
15 degree as an origin. The thick wire showed the part used for an approximation calculation within the 
partition to drawing 25 . 

[0071] If it calculates using the formula which changed **Iu, **Iv, and **Iw to the above-mentioned 
formula (5) every six partitions mentioned above, the electrical angle phi can be searched for. The 
processing to which a phase adds [ whenever / 30x (n-1) ] it every to each partition n of every since a 
formula (5) is an approximate expression near 0 times is also needed. If the approximate expression for 
every partition is shown, it will be defined as A=**Iv-**Iw, B=**Iu-**Iv, and C=**Iw-**Iu, 

la ^3A/6Alu 

2a 3 0+^3 B/6A I w 

3a 60+7"3C/6AI v 

4a 90+V^3A/6AIu 

5a 1 2 0+^3 B/6A I w 

6a 180+/3C/6Alv 

It becomes. 

[0072] The 1st step can be calculated by this technique and the electrical angle phi can be searched for. 
Although the part and operation for which a division is needed compared with the example 1-1 of a 
configuration mentioned above take time amount, it is hard to be influenced by difference of the 
property of the three phase synchronous motor 40, and the advantage that it is not necessary to measure 
each parameter beforehand is acquired. Signs that ECU300 performed the above data processing were 
shown in drawing 26 . Processing which carries out short-time impression of the electrical potential 
difference is first performed to a U-VW interphase so that it may illustrate (step S331). This electrical 
potential difference is the electrical potential difference and time amount of extent which does not 
produce magnetic saturation. When an electrical potential difference is moreover impressed to a U-VW 
interphase, processing which measures the maximum current Iu which flows to U phase is performed 
(step S332). The same processing is repeated also about a V-WU interphase and a W-UV interphase 
(step S333 thru/or 336). 

[0073] In this way, the approximate expression (4) mentioned above or the approximation calculation 
using (5) is performed using the acquired maximum current Iu, Iv, and Iw, and processing which asks in 
the range of the electrical angles phiO-pi (180 degrees) or pi - 2pi (360 degrees) is performed (step 
S338). In addition, although the maximum current Iu, Iv, and Iw of all interphases was searched for, if 
the average lav of all currents is known, two maximum current will be searched for and other one will 
not interfere here as that for which it asks by the operation. 

[0074] By the above processing, it was able to calculate as the 1st step in the range of the electrical 
angles phiO-pi (180 degrees) or pi - 2pi (360 degrees). However, now, since it is not decided that the 
electrical angle of a rotator 50 will be a meaning, the processing (the 2nd step) which specifies this is 
needed. Then, some examples of this processing of the 2nd step are explained below. 
[0075] Although the electrical potential difference impressed to a interphase coil was restricted at the 1st 
step of <the example 2-1 of the configuration of the 2nd step> so that it might become the magnetic flux 
of extent which does not carry out magnetic saturation At the 2nd step, the electrical angle phi searched 
for at the 1st step using the asymmetry by magnetic saturation It judges to any it shall belong between 
whether it belongs to which range of 0-pi (180 degrees) or pi (180 degrees) - 2pi (360 degrees), drawing 
24 la, 2a, 3a, 4a, 5a, and 6a, i.e., the partitions shown in 25, partition la', 2a', 3a', 4a', 5a', and 6a'. As 
shown in drawing 27 , when the electrical potential difference which carries out magnetic saturation is 
impressed, the maximum electrical potential differences Iu2 which flow to a U-VW interphase are 
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partition la thru/or 6a, and partition la' thru/or 6a', and become a different thing. Now, that it is in 
partition la whose theta is -15 - 15 electrical angles, or 165 - 195 partitions la' presupposes that it was 
calculated by the example 1-2 of a configuration of the 1st step. In this case, if either of partition la or 
partition la' is distinguishable, finally a meaning will be asked for the electrical angle theta in the range 
of0-2pi. 

[0076] When it is view at the maximum current Iu2 over an electrical potential difference which starts 
magnetic saturation, the range which maximum current Iu2 can take by partition la is from Current a to 
b. On the other hand, in partition la', the value from Current d to e can be taken. Therefore, it is a 
threshold Iref until from Current b before c. If it prepares, maximum current Iu2 will be a threshold Iref. 
It can judge to any of partition la or la' it belongs by whether it is large. Similarly, since the range of the 
current which can be taken by partition 2a is from Illustration b to c and the range of the current which 
can be taken by partition 2a' is f from Illustration e, partition 2a and partition 2a' can also be judged by 
setting up a threshold among Currents c and e based on maximum current Iu2. 

[0077] About partition 3a and partition 3a', by maximum current Iu2, since the range which can be taken 
overlaps, it is undistinguishable. Then, it judges in this case using the maximum current Iv2 at the time 
of impressing an electrical potential difference to a V- WU interphase. Since it has the same relation as 
the maximum current Iu2 in partition la, la' and partition 2a, and 2a', the maximum current Iv2 in 
partition 3a, 3a' and partition 4a, and 4a' is the same threshold Iref. By using it, partition 3a and partition 
3a' and partition 4a and partition 4a' are distinguishable. Similarly, Partitions 5a and 6a can be judged 
using maximum current Iw2. In addition, threshold Iref What is necessary is to measure Currents b, c, d, 
and e etc. beforehand, and just to calculate the suitable value, if it attaches. 

[0078] According to the above view, the flow chart of draw ing 28 showed the detail of the processing 
(step S350,360 of d rawin g 2 3 ) of the 2nd step which ECU300 actually performs. As shown in drawing 
28 , this manipulation routine is performed following on the 1st step, and judges whether which partition 
of partition la thru/or 6a is distinguished first (step S351). In distinguishing Partitions la and 2a, 
partition la', and 2a', next, the electrical potential difference of a magnetic-saturation field is impressed 
to a U-VW interphase (step S352), and it measures maximum current Iu2 (step S353). Similarly, in 
distinguishing Partitions 3a and 4a, partition 3a', and 4a', the electrical potential difference of a 
magnetic-saturation field is impressed to a V-WU interphase (step S354), and it measures maximum 
current Iv2 (step S355). In distinguishing Partitions 5a and 6a, partition 5a', and 6a', the electrical 
potential difference of a magnetic-saturation field is impressed to a W-UV interphase (step S356), and it 
measures maximum current Iw2 (step S3 57). 

[0079] Next, the measured maximum current is a threshold Iref. It judges whether it is large (step S358), 
and in being large, it judges with the partitions which it was going to judge being la, 2a, 3a', 4a', and 5a 
and 6a, respectively (step S359a). On the other hand, maximum current is a threshold Iref. If small, it 
will judge with the partitions which it was going to judge being la', 2a', 3a and 4a, 5a', and 6a' (step 
S359b). In this way, since the partition to which an electrical angle belongs is specified, this decision 
and value of the electrical angle searched for at the 1st step are combined, and processing which finally 
determines the electrical angle theta is performed (step S360). 

[0080] According to what combined the example 1-1 of a configuration of the 3rd example explained 
above, or 1-2 and Example 2-1, an electrical angle can be calculated in the range of either 0-pi or pi - 2pi 
according to the current of extent which does not serve as magnetic saturation beforehand, then the big 
current for a judgment can be passed, and an electrical angle can be specified. Therefore, the stopped 
electrical angle of the three phase synchronous motor 40 can be measured with high precision and 
easily. Moreover, since it can substitute passing a high current for once, a high current is repeatedly 
passed to the three phase synchronous motor 40, and it is not said that the property is degraded. 
Moreover, the allophone heard when a high current is passed also has the advantage of ending at once 
for every measurement of an electrical angle. 

[0081] The <example 2-2 of a configuration of the 2nd step>, next other examples of a configuration 
which specify the partition in which the electrical angle phi exists are explained. Threshold Iref same 
about Partitions la and 2a in the above-mentioned example 2-1 of a configuration It judged by using 
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(the same is said of Partitions 3a and 4a and the partitions 5a and 6a). In this case, the relation of c>d 
had to be materialized between the minimum value c of partition 2a, and the maximum d of partition la', 
and the current which is passed to a interphase for this reason was also to some extent large. So, in this 
example 2-2 of a configuration, the threshold of a judgment shall be separately prepared by the odd 
number partitions la, 3a, and 5a and the even number partitions 2a, 4a, and 6a. In this case, it is 
sufficient, if the threshold Irefl in an odd number partition satisfies b>Irefl>d and the threshold Iref2 in 
an even number partition satisfies c>Iref2>e on the other hand, respectively. Therefore, it is not 
necessary to be c>d, and as shown in dra wing 29 , each interphase current of the field of magnetic 
saturation can be made small. Consequently, the allophone by which have been generated when a pulse 
voltage is impressed to the coil of a interphase and a current is passed can be made small. Moreover, the 
possibility of the demagnetization to permanent magnets 51-54, the possibility of the electromagnetic 
interference at the time of pulse-voltage impression, etc. can be reduced. 

[0082] The technique of reducing the current further for a judgment is examined to the <example 2-3 of 
configuration of 2nd step> above-mentioned example. As shown in drawing 27 and 29, when it is going 
to distinguish partition la and partition la', the minimum value b of the maximum current Iu2 in 
partition la differs from the maximum d in partition la' greatly. Therefore, when it is going to 
distinguish partition la and partition la', even if it reduces considerably the maximum or impression 
time amount of an electrical potential difference to impress, it is possible to distinguish both from the 
measured maximum current Iu3. On the other hand, in partition 2a and partition 2a', c>e cannot be 
satisfied if a to some extent big current is not passed. Then, in this example, the impression time amount 
of the electrical potential difference impressed for every partition which it is going to distinguish is 
changed, and when the time amount of the electrical potential difference impressed to each interphase 
when it is judged that it is the judgment about the odd number partitions 1 a, 3a, and 5a is judged to be 
short and to be the judgment about another side and Partitions 2a, 4a, and 6a, let time amount of the 
electrical potential difference impressed to each interphase be the usual value. Consequently, as shown 
in drawing 30 , the maximum of the current passed by the coil of a interphase can be held down low, and 
the possibility of generating of an allophone, demagnetization, and an electromagnetic interference etc. 
is reduced one layer of nearby [ any ]. It is suitable from the point of demagnetization prevention that the 
current in this partition can be especially made small in a synchronous motor 40 since the corresponding 
permanent magnet 5 1 of a location thru/or 54 will be demagnetized most, if the current in the location of 
partition la with big Rota is passed. Moreover, it is [ as opposed to / in this case / the example 2-2 of a 
configuration ] a threshold Iref It also has the advantage that it is possible to manage one. In addition, 
although not explained especially, in distinction of Partitions 3a and 4a, partition 3a', and 4a', a sink and 
the maximum current Iv3 in that case are measured, a current is judged to it at a V-WU interphase, in 
distinction of Partitions 5a and 6a, partition 5a', and 6a', a sink and the maximum current Iw3 in that 
case are measured, and a current is judged to it at a W-UV interphase. 

[0083] An example which surveyed maximum current Iu+ at the time of carrying out predetermined 
time impression of the predetermined electrical potential difference, having used forward and a V phase 
W phase as negative for U phase at the <example 2-4 of configuration of 2nd step> U-VW interphase 
was shown in the drawing 31 upper case. On the other hand, maximum current Iu- at the time of making 
U phase forward at negative and a V phase W phase was shown in the drawing 31 lower berth. The 
polarity was replaced and drawing 32 drew this maximum current Iu- in piles with maximum current 
Iu+. To six partitions 1 shown in the example 1-1 of a configuration of the 1st step thru/or 6, maximum 
current Iu+ exceeds maximum current Iu- by partition 1 thru/or 3, and partition 4' thru/or 6', and is less 
than maximum current Iu- in partition 4 thru/or 6, and partition 1' thru/or 3' so that it may illustrate, 
therefore, if both maximum current Iu+ and Iu- are measured, a partition 1 and 1' (2, 2', and the 
following - the same) can be distinguished. In this case, the manipulation routine was shown in drawing 
33 . Theoretically, although divisional distinction is possible only at maximum current Iu+ about a U- 
VW interphase, and Iu-, it is the thing which distinguish and for which the phase of a distinction current 
is changed for every partition, and it becomes possible to reduce the current passed to a interphase. That 
is, it is because the deflection of Iu+ and Iu- in partitions 1 and 6 is large compared with other partitions 
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if it is maximum current Iu+ shown in drawing .32 , and Iu-. Therefore, a W-UV interphase shall be used 
about partitions 4 and 5, using a V-WU interphase about partitions 2 and 3, using a U-VW interphase 
about partitions 1 and 6. 

[0084] When the manipulation routine of the 2nd step shown in drawing 33 is started and the partition 
which it is going to judge and (step S371) distinguish about the partition distinguished first is 1 or 6, an 
electrical potential difference is impressed, using forward and a V phase W phase as negative for U 
phase at a U-VW interphase (step S372a), and the maximum current Iu+ is measured (step S373a). 
Then, positive/negative of the electrical potential difference to impress is made reverse, that is, an 
electrical potential difference is impressed to a VW-U interphase (step S374a), and the maximum 
current Iu- is measured (step S375a). Then, the size of both absolute value is distinguished (step S376a), 
and it judges with their being a partition 1 or a partition 6, if Iu+ is larger than Iu- (step S377a), and if 
Iu+ is smaller than Iu-, it will judge with their being partition 1' or 6' (step S378a). In this section, the 
deflection of both maximum current Iu+ and Iu- can distinguish a partition exactly, even if the current to 
pass is small, since it is large. 

[0085] Similarly, about partitions 2 and 3, impress an electrical potential difference to a V-WU 
interphase and a WU-V interphase, respectively, and maximum current Iv+ and Iv- are measured (step 
S372b thru/or 375b). The size of the absolute value is distinguished (step S376b), and, in Iv+>Iv-, it 
judges with partition 2' and 3' (step S377b), and, in Iv+<Iv-, is judged as partitions 2 and 3 (step S378b). 
On the other hand, about partitions 4 and 5, impress an electrical potential difference to a W-UV 
interphase and a UV-W interphase, and maximum current Iw+ and Iw- are measured (step S372c thru/or 
375c). The size of the absolute value is distinguished (step S376c), and, in lv+>Iv-, it judges with 
partitions 4 and 5 (step S377c), and, in Iv+<Iv-, is judged as partition 4' and 5' (step S378c). All and the 
case of combining with the electrical angle phi calculated by the 1st step, and determining the final 
electrical angle theta (0-2pi) are the same as the case of partitions 1 and 6 (step S360). 
[0086] According to the example explained above, the exception of partition 1 thru/or 6, or partition 1' 
thru/or 6' can be distinguished only due to the size absolute value of maximum current by applying the 
electrical potential difference of positive/negative to a specific interphase. Therefore, it did not need to 
be said that a threshold etc. was measured beforehand, and was prepared or the electrical potential 
difference and time amount to impress were controlled to a precision. Moreover, since the magnitude of 
the current passed to a interphase can also be substituted for extent which is sufficient for distinguishing 
size relation, generating of an allophone is suppressed and it becomes possible to also reduce generating 
of demagnetization or electromagnetic interference. In the example, the current passed for electrical 
angle detection was able to be made about [ of the example 2-3 of a configuration ] into 2/3 using the 
same three phase synchronous motor 40. In addition, in the above-mentioned example, 0 to 30 degrees, 
although ****ed to ... 30 to 60 degrees, even if a partition uses the partitions [ -15 to 15 degrees ] la, 2a, 
and 3a 15 to 45 degrees ... used in Example 1-2, and it does not interfere. It is also suitable to adopt 
the partition which is easy to use according to the technique of the approximation calculation in the 1st 
step when simplifying the whole algorithm. Changing the partition used at the 1st step and the partition 
used at the 2nd step from the first does not interfere, either. 

[0087] In the 3rd example, detection of an electrical angle was divided into the 1st step and the 2nd step, 
and two or more examples of a configuration were explained about each step. The example of a 
configuration of these 1st and 2nd steps can be combined freely, and can be carried out. In addition, in 
the example 1-1 of a configuration, and 2-4, drawing 34 showed processing of the 1st step on a time- 
axis, and the 2nd step. As the 1st step, a predetermined electrical potential difference is applied to each 
interphase one by one, and sequential detection of the maximum current of U phase, V phase, and W 
phase is carried out. In this case, the current which flowed to each phase will wait to fall to the level 
which does not pose a measurement top problem, will impress an electrical potential difference to the 
following interphase, and will measure the maximum current of the following phase. Moreover, at the 
2nd step, since a bigger current than the current usually passed at the 1st step is passed, after impressing 
an electrical potential difference to one interphase before impressing an electrical potential difference to 
the following interphase, considerable time amount is needed. When the section of the 1st step shown in 
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drawing 34 and the section of the 2nd step are completed, one measurement of an electrical angle is 
completed. When the three phase synchronous motor 40 has stopped, the electrical angle at the time of 
starting will be detected now. 

[0088] Next, the 4th example of this invention is explained. The outline configuration of the motor 
control equipment 390 containing the electrical angle detection equipment of this example is shown in 
drawing 35 . This motor control equipment 390 so that it may illustrate like the 1st, 2nd, and 3rd 
example The drive current of the three phase synchronous motor 40 The current of the motor current 
control circuit 400 to control, U phase, and V phase The current detector 402,404 to detect, the current- 
torque conversion machine 410 which converts the output torque of a motor 40 from the detected 
current, the inductance type electrical angle detecting element 415 which performs electrical angle 
detection of the inductance type explained in the 2nd example, and a reverse electromotive voltage are 
used. While asking for a rotational frequency from the signal of the reverse electromotive voltage type 
electrical angle detecting element 420 which detects an electrical angle, and an electrical angle, it 
consists of hysteresis circuit 440 grades which add a hysteresis to this and drive a transfer contact 445. 
In addition, what is necessary is just to form the current detector of W phase, in detecting each current of 
U, V, and W phase, as the 3rd example explained although drawing 34 showed only 402,404 which 
detects the current of U phase and V phase as a current detector. 

[0089] The inductance type electrical angle detecting element 415, the reverse electromotive voltage 
type electrical angle detecting element 420, the hysteresis circuit 440, and the motor current control 
circuit 400 are constituted in fact as an arithmetic logic operation circuit which used the microprocessor, 
and are performing processing shown in drawing 36 . This processing is explained briefly. Starting of 
this processing performs decision of being more than the judgment rotational frequency N for the 
rotational frequency operation value Nh first (step S500). When the rotational frequency operation value 
Nh is not more than the judgment rotational frequency N, while presuming the location of a rotator 
(Rota), i.e., an electrical angle, using the inductance type electrical angle detecting element 415, 
processing which assigns a value -50 to Variable H is performed (step S510). 

[0090] On the other hand, when the rotational frequency operation value Nh is more than the judgment 
rotational frequency N, while presuming the location of a rotator 50 using the reverse electromotive 
voltage type electrical angle detecting element 420, processing which assigns a value +50 to Variable H 
is performed (step S520). In any case, processing which calculates a current rotational frequency is 
performed after that (step S530). A rotational frequency is called for by differentiating a current 
electrical angle, the difference of the electrical angle signal in predetermined time although differential 
processing is also realizable with hardware — it can also ask from a value. Then, processing which 
applies the value of Variable H to the current rotational frequency for which it asked at step S530, and 
calculates the rotational frequency operation value Nh is performed (step S540), and the current passed 
to each phase of a three phase synchronous motor based on an electrical angle and a torque command 
value is controlled (step S550). The above processing is repeated. 

[0091] According to this example explained above, based on the rotational frequency of the three phase 
synchronous motor 40, the detection approach can be switched and an electrical angle can be searched 
for. This situation was shown in drawing 37 . Once the rotational frequency of the three phase 
synchronous motor 40 exceeds the judgment rotational frequency N+50, a counter voltage system shall 
detect, and unless it is less than the judgment rotational frequency N-50 after that, it does not switch to 
an inductance method. That is, the hysteresis of 50 [ **] is given to the change of the detection approach 
of an electrical angle, and it considers so that the change of a detection method may not occur by high 
frequency near the judgment rotational frequency. 

[0092] Here, the detection method of an electrical angle is switched at the rotational frequency of the 
three phase synchronous motor 40 because change of the effectiveness of the motor at a rotational 
frequency changes with detection methods. The continuous line J showed effectiveness in case an 
inductance method detects an electrical angle to drawing 38 , and the broken line B showed 
effectiveness in case a counter voltage system detects. In the low rotational frequency field where the 
reverse electromotive voltage obtained is low in the field where the rotational frequency of a rotator is 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran web cgi ejje 7/31/2006 



JP,07-177788,A [DETAILED DESCRIPTION] 



Page 18 of 21 



low, control of a motor becomes impossible the case of a counter voltage system. This is for the phase 
conditions of a current over the location of permanent magnets 5 1-54 to collapse, and it becomes 
impossible for the three phase synchronous motor 40 to generate torque in stability in this case. It was 
possible, although the current is flowing when the worst when a motor output was not obtained, or also 
when a rotator 50 was reversed. Therefore, as a broken line shows to drawing 38 , in a low rotational 
frequency field, the effectiveness of the three phase synchronous motor 40 will become low. 
[0093] On the other hand, by the inductance method, an electrical angle is efficiently detectable in the 
field from a idle state to a predetermined rotational frequency. If a rotational frequency rises, since the 
frequency of the alternating current for a drive becomes high, the relative difference with the high 
frequency component (refer to drawing 12 ) superimposed on this alternating current for a drive will 
become small. Therefore, the number of the RE pulses included in one revolution (360 degrees) of a 
rotator 50 decreases, so that a rotational frequency becomes high, and the detection precision of the 
rotation location (electrical angle) of a rotator 50 falls. Therefore, by asking for the intersection of two 
graphs shown in drawing 38 experimentally, and switching the detection method of an electrical angle 
near [ this ] the rotational frequency, the range of a total rotational frequency can be covered and the 
electrical angle of the three phase synchronous motor 40 can be detected efficiently. And in this 
example, since the hysteresis is prepared in the change rotational frequency of a detection method, it has 
not been said that a change arises again immediately after switching the detection approach according to 
the difference in detection precision. 

[0094] The inductance type electrical angle detecting element 415 which detects an electrical angle with 
an inductance method in the above-mentioned example is the same configuration as the 2nd example, on 
the other hand, the configuration of the reverse electromotive voltage type electrical angle detecting 
element 420 is well-known (for example, Heisei 2 semi-conductor power conversion study group data 
SEP- 90-21 "implementation of a brushless DC motor control system without a position transducer"). 
Drawing 39 expressed the configuration of this example to the detail as a block diagram further. In this 
example of a configuration, the motor current control circuit 500 The current of U phase read as digital 
data with A/D converter 502, and V phase While changing into the data of q shaft and d shaft, 
performing proportionality / integral (PI) control from this and a torque command value, changing the 
signal of the three phase of U, V, and W and changing a result into a voltage signal further shortly Pulse 
width modulation is applied, dead-time control is added, and it is outputting to each coil of the three 
phase synchronous motor 40. 

[0095] At this time, in being under rotation above a predetermined rotational frequency, it calculates an 
electrical angle with the counter voltage system electrical angle computing element 520. While this 
operation calculates the rate estimate which is a value which is explained to the above-mentioned 
reference in detail, and differentiated the electrical angle theta based on the electrical-potential- 
difference value of U, V, and W of each phase currents Iu and Iv and the motor current control circuit 
500 interior difference with presumed electrical-potential-difference [ of vgamma ] ' which calculated v 
gamma of voltage signals of gamma shaft orientations, and was presumed from each phase signals Iu 
and Iv — while PI operation is performed to **gamma and the sign of rate estimate determines an 
electrical angle rate, a feedback current is computed based on this and this is outputted to the motor 
current control circuit 500. In this way, based on a reverse electromotive voltage, an electrical angle 
(here electrical angle rate) can be searched for during rotation of a rotator 50. In addition, it integrates 
with an electrical angle rate, and when the rotational frequency of the circuit and motor which change a 
three phase into d and q shaft signal as an electrical angle signal is below a predetermined rotational 
frequency, it is outputted to the circuit 5 15 for impressing a pulse voltage a predetermined period. 
[0096] In being below a predetermined rotational frequency while the rotator 50 is standing it still or, 
based on each phase currents Iu and Iv, it calculates an electrical angle. The inductance method 
electrical angle computing element 512 performs this operation by referring to the electrical angle table 
522. In this way, the electrical angle signal searched for is alternatively adopted by the rotational 
frequency with the result of an operation of the counter voltage system electrical angle computing 
element 520, and is used for control of the current for a drive of the motor mentioned above. 
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[0097] Next, the 5th example of this invention is explained. This example the configuration as detection 
equipment of an electrical angle It is the same (refer to drawing 22 ) with the 3rd example. As the whole 
motor control equipment Like the 4th example, in a low rotational frequency field, an electrical angle 
detects using an inductance, starting and rotation of the three phase synchronous motor 40 are 
controlled, and rotation of the three phase synchronous motor 40 is controlled above a predetermined 
rotational frequency, detecting an electrical angle using a reverse electromotive voltage. 
[0098] Although the configuration of the 3rd example was taken as the technique of detecting an 
electrical angle using an inductance in this example, in case an electrical potential difference is 
impressed to a interphase in the 1st or 2nd step for detection of an electrical angle ( drawing 26 , 28 
grades), as shown in drawing 40 , processing (step S610) which impresses the reverse voltage 
corresponding to the electrical potential difference applied immediately after impression (step S600) of 
an interphase voltage to the same interphase is performed. That is, by having applied the electrical 
potential difference to the coil and having passed the current, the current on which after termination of 
impression of an electrical potential difference remains as a transient response is compulsorily reduced 
by applying reverse voltage, and a current is quickly completed as 0. This situation was shown in 
drawing 41 . Here, impression of reverse voltage is made when an absolute value outputs only the time 
amount t2 with a polarity it is equal and equal to the time amount tl which applied the reverse electrical 
potential difference for measurement to a interphase coil. In addition, although a current is converged on 
about 0 by impression of reverse voltage with an equal absolute value, since the case where originate in 
fluctuation of supply voltage, fluctuation of the impression time amount under the effect of a dead time, 
etc., and it is not being completely completed as 0 by the current can be considered, impression of the 
electrical potential difference for the measurement to the following interphase shall be performed after 
setting only fixed time amount t3. The magnitude and impression time amount of reverse voltage can be 
changed suitably. 

[0099] The current which flows in a coil can be quickly completed by impressing reverse voltage 
immediately after the electrical potential difference for measurement of maximum current impressing, 
and measuring maximum current, as explained above, and time amount until impression of the 
following electrical potential difference is attained can be shortened sharply. According to this example, 
the time amount which detection of the electrical angle of Rota takes was able to be reduced about 
[ conventional ] to 1/3 so that it might be understood, if drawing 41 was compared with drawing 34 . 
Consequently, it became the case which needs to repeat and measure an electrical angle, i.e., the thing 
which detection of the electrical angle under low-speed rotation can complete in a short time, and 
electrical angle measurement of this invention which used the inductance to the rotational frequency 
higher than before was attained. Therefore, in the equipment which detects an electrical angle using an 
inductance to a predetermined rotational frequency, the setting range of the rotational frequency 
switched to detection by back EMF became large like the 4th example, and the degree of freedom of a 
design also improved. 

[0100] Next, the 6th example of this invention is explained. The electrical angle detection equipment of 
the 6th example has the same configuration as the 5th example, and is performing detection of the 
electrical angle of Rota at the time of starting like the 5th example by the example 1-1 of a configuration 
of the 1st step of the 3rd example, and the example 2-1 of a configuration of the 2nd step. The maximum 
engine speed of the three phase synchronous motor 40 of ******** is 9000rpm, and, generally detection 
of the electrical angle by back EMF is enabled to 1/5 of a maximum engine speed, i.e., 180rpm. 
Therefore, if an electrical angle is detectable by the technique of having used the inductance to 180rpm, 
it will become possible to detect an electrical angle from a idle state to a maximum engine speed. Since 
the time amount which one rotation of a rotator 50 takes in the case of 180rpm is 180rpm= per second 3 
rotation, it is 1 / 3 seconds. On the other hand, if time amount which the 1st step takes that the time 
amount taken to measure maximum current Iu, Iv, and Iw about each of U phase, V phase, and W phase 
is completed to 50msec(s) and the 2nd step is set to 120msec(s) as shown in drawing 34 , detection of an 
electrical angle can be performed only 2 or 3 times per rotation of Rota, measuring an electrical angle 
with a sufficient precision on this condition, since the electrical potential difference for a drive must be 
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impressed to a interphase in fact, carrying out multiple-times measurement of the electrical angle among 
1 rotations of Rota, and things are very difficult. [ the electrical potential difference for a drive ] 
[0101] So, in this example, as shown in drawing 42 , in the interruption handling routine started every 
50msec, Flag F (initial value = 0) is judged first, a rotator 50 judges whether it is under [ halt ] ****** 
(they are F= 0 and step S700 during a halt), and when it is judged that a rotator 50 is stopping, 
processing which carries out the mask of the interrupt first is performed (step S710). Although 
processing of the 1st step and the 2nd step is performed continuously, since 120 msec is needed, the 
mask of the interrupt is carried out until detection of an electrical angle is completed. Then, the 1st step 
is processed and the electrical angle phi (electrical angle in either within the limits of 0-pi and pi-2pi) is 
calculated (step S720). Then, processing which specifies whether processing by the 2nd step is 
performed and a rotator 50 exists in which range of 0-pi or pi - 2pi is performed (step S730), and 
processing which detects the electrical angle theta is performed from the above step [ 1st ] and the 2nd 
step (step S740). Then, while setting a value 1 as Flag F, processing of which an interrupt mask is 
canceled is performed (step S750). By the above, detection of the electrical angle theta when the rotator 
50 has stopped is ended, and this routine is ended. 

[0102] in this way, the processing which decision at step S710 serves as "NO", and calculates the 
electrical angle phi by the 1st step since Flag F is set as a value 1 once detecting the electrical angle 
theta of the rotator 50 under halt — carrying out (step S760) — the difference from the last value of this 
electrical angle phi — processing which updates the electrical angle theta is performed using **phi (step 
S770). That is, once the electrical angle theta of a rotator 50 is detected, only the 1st step will be 
repeatedly performed at intervals of about 50 msec extent, and the electrical angle theta will be updated 
using a changed part of the calculated electrical angle phi. In the case of 180rpm, if it is 50msec(s), 
angle of rotation of the rotator 50 in the meantime will be 50x10 -3x360-degree xl80rpm / 60= 54 
degrees, and will not exceed 180 degrees. Therefore, if processing of the 1st step is performed at 
intervals of 50msec once detecting the electrical angle theta, it is possible to mistake in any a rotator 50 
shall exist between 0-pi (180 degrees) or pi - 2pi (360 degrees), and to judge that there is nothing. 
Consequently, processing required for detection of an electrical angle serves as only the 1st step, and the 
time amount which detection of an electrical angle takes is shortened by 2 by about 1/. 
[0103] As explained above, once searching for the electrical angle theta uniquely according to the 
electrical angle detection equipment of the 6th example, the processing of an electrical angle required 
for detecting can be shortened extremely. Therefore, time amount is taken by measurement of an 
electrical angle during the roll control of the three phase synchronous motor 40, and it is not said 
inadequate that control becomes. Consequently, the rotational frequency of the change to measurement 
of an electrical angle by the reverse electromotive voltage can be set up highly, and the degree of 
freedom on a design also improves. 

[0104] Although some examples of this invention were explained above, things of this invention which 
can be carried out in the mode which becomes various within limits which do not deviate from the 
summary of this invention, such as a configuration which it is not limited at all to such an example, and 
was applied to synchronous motors other than a three phase, are natural. 
[0105] 

[Effect of the Invention] The outstanding effectiveness that an electrical angle can detect with a 
sufficient precision when especially a motor is quiescence or a low rotational frequency, since it asks for 
the location of a rotator, i.e., an electrical angle, with reference to the behavior of a current and the 
relation of an electrical angle which the 1st electrical angle detection equipment of this invention 
detected the behavior of an electrical angle and at least two currents which become settled with the 
inductance of the coil which has correlation, and were memorized beforehand as having explain above 
does so. For this reason, even if it is the thing which drives a synchronous motor using this, then the 
motor which has stopped, for example, this can be started to stability towards desired. Consequently, 
useless power is not consumed. 

[0106] Moreover, based on the behavior of the current which flows when an electrical potential 
difference is impressed to class doubling of a polyphase, by the approximation calculation, the 2nd 
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electrical angle detection equipment of this invention is specifying whether an electrical angle belonging 
an electrical angle to which this section by calculating the electrical angle in the section of either 0-pi or 
pi - 2pi, and detects the electrical angle of Rota as a result. Therefore, the outstanding effectiveness that 
an electrical angle can be easily searched for by the simple configuration is done so. 
[0107] Furthermore, the 3rd electrical angle detection equipment of this invention is set to the 2nd 
electrical angle detection equipment which calculates an electrical angle by the approximation 
calculation. Since the distinction is performed using the conditions used as that from which it has the 
description in the configuration which judges whether an electrical angle belongs to which the section to 
0-pi or pi-2pi, and the include angle of Rota and the behavior of a current differ by 0-pi or pi - 2pi The 
outstanding effectiveness that an electrical angle is finally detectable with a simple configuration with a 
sufficient precision is done so. 

[0108] Furthermore, according to the 4th electrical angle detection equipment of this invention, once 
detecting and specifying an electrical angle in the range of 0-2pi, an electrical angle is searched for 
within the limits of either 0-pi or pi - 2pi, and this updates an electrical angle. Therefore, an electrical 
angle can be searched for by very simple processing, time amount is taken by detection of an electrical 
angle during control of the synchronous motor under low-speed rotation, and the outstanding 
effectiveness of it not being said inadequate that control becomes is done so. 

[0109] Moreover, in the field as for which the rotator is carrying out halt or low-speed rotation, except 
this field, the driving gear of the synchronous motor of this invention detects an electrical angle based 
on a reverse electromotive voltage, and, thereby, impresses the electrical potential difference for a drive 
to a coil while it searches for an electrical angle using a difference of an inductance. Therefore, an 
electrical angle's being detectable with a sufficient precision from a idle state to a high rotational 
frequency field and a large field is covered, and the outstanding effectiveness that efficient motor control 
is realizable is done so. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the outline configuration of the 1st example of this 
invention. 

[Drawing 2] It is the sectional view showing the structure of the three phase synchronous motor 40 
incorporating the stator 30 of an example. 

[Drawing 3] It is the end view showing the relation of the stator 30 of the three phase synchronous 
motor 40 and rotator 50 which were used in the example. 

[Drawing 4] It is the explanatory view showing the equal circuit of the three phase synchronous motor in 
an example. 

[Drawing 5 ] It is the graph which shows the transient response of the U phase current Iu at the time of 
impressing an electrical potential difference El to a U-VW interphase (t). 

[Drawing 6] It is the graph which shows the inductance of a coil, and relation with the electrical angle 
theta. 

[Drawing 7] It is the graph which shows the relation of the inductance and maximum current in a 
transient response. 

{Drawing .8] It is the flow chart which shows the electrical angle detection manipulation routine in the 
1st example. 

[Drawing 9] It is the block diagram showing the outline configuration of the motor control equipment 
250 containing the electrical angle detection equipment as the 2nd example. 

[Drawing 10] It is the graph which illustrates the electrical potential difference Vb for a drive in the 2nd 
example. 

[Drawing 11 ] It is the graph which illustrates the RF signal Vh superimposed on the electrical potential 
difference for a drive. 

[Dra wing 12] It is the graph which illustrates the voltage signal Vb on which it was superimposed. 
[Drawing 13] It is the graph which illustrates the output signal Vs of a current detector. 
[Drawing 14] It is the graph which illustrates the output signal **** of a band pass filter. 
[Drawing 15] It is the graph which illustrates the output signal Ve of an envelope detecting element. 
[Drawing 16] It is the flow chart which shows the electrical angle detection manipulation routine in the 
2nd example. 

[Drawing 17] It is the graph which illustrates the relation between the electrical angle theta and the 
current amplitude Is. 

[Drawing 18] It is the graph which shows other examples of the electrical potential difference impressed 
to a motor. 

[Drawing 1 9] It is the graph which shows the relation between an electrical angle, an inductance, and a 
current. 

[Drawing 20] It is the graph which shows the magnetic properties in the magnetic circuit of a three 
phase synchronous motor. 

[Drawing 21] It is the explanatory view developing and showing the relation between Rota of the three 
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phase synchronous motor 40, and a stator on a straight line. 

[Dra wing 22] It is the outline block diagram of the motor control equipment containing the electrical 
angle detection equipment as the 3rd example. 

[Drawing 23] It is the flow chart which shows the outline of the processing in the 3rd example. 
[Drawing 24] It is a graph explaining the technique of the approximation calculation of the 1st step. 
[Drawing 25] It is a graph explaining the technique of other approximation calculations of the 1st step. 
[Drawing 26] It is the flow chart which illustrates the detail of processing of the 1st step. 
(Drawing 27] It is a graph explaining the 1st technique of the 2nd step. 
[Drawing 28] It is the flow chart which shows an example of the 2nd step. 
[Drawing 29] It is a graph explaining the 2nd technique of the 2nd step. 
[Drawing 30] It is a graph explaining the 3rd technique of the 2nd step. 
[ Drawing 3 1 ] It is a graph explaining the 4th technique of the 2nd step. 

[Drawing 32] It is the graph which illustrates the relation between maximum current Iu+ and Iu-. 
[Dra wing 3 3 ] It is the flow chart which shows the manipulation routine of the 2nd step by the 4th 
technique. 

[Dra wing 34] It is the graph which develops and shows processing of the 1 st and 2nd step on a time- 
axis. 

[Drawing 35] It is the block diagram showing the outline configuration of the motor control equipment 
390 as the 4th example. 

[Drawing 36] It is the flow chart which shows the electrical angle detection manipulation routine in the 
4th example. 

[Drawing 37] It is the explanatory view which illustrates the situation of a change of the detection 
method at a rotational frequency. 

[Drawing 38] It is the graph which shows the relation between a rotational frequency and the 
effectiveness of a motor. 

[Dra wing 39] It is the block diagram showing the example of a design of the motor control equipment 
390 of the 4th example. 

[Drawing.4.0] It is the flow chart which shows the important section of the processing in the 5th 
example. 

[Drawing 41] It is the graph which shows the relation between the applied voltage in the 5th example, 
and the flowing current along with a time-axis. 

[Drawing 42] It is the flow chart which shows interrupt processing in the 6th example. 
[Description of Notations] 



10- 


Motor control equipment 


20 - 


Stator 


22 - 


Teeth 


24 - 


Slot 


30- 


Stator 


32 - 


Stator coil 


34 - 


Bolt 


36- 


Bolthole 


40 - 


Three phase synchronous motor 


50- 


Rotator 


52 - 


Permanent magnet 


55 - 


Revolving shaft 


57- 


Rota 


60 - 


Case 


61 62 — Bearing 


71 - 


Salient pole 


100 - 


- Motor control circuit 


100 - 


- Motor current control circuit 
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102,104 -- Current detector 

110 — Torque conversion machine 

112,114-- ADC 

120 - CPU 

122 - Memory 

130 — Electrical-potential-difference impression section 

250 - Motor control equipment 

260 — RF generating section 

262,264 - Band pass filter 

272,274 — Envelope detecting element 

300 - ECU 

310 — Inverter 

390 — Motor control equipment 

400 — Motor current control circuit 

402,404 - Current detector 

410 — Torque conversion machine 

415 — Inductance type electrical angle detecting element 

420 — Reverse electromotive voltage type electrical angle detecting element 

440 — Hysteresis circuit 

445 — Transfer contact 

500 — Motor current control circuit 

502 — A/D converter 

512 — Inductance method electrical angle computing element 
515 - Circuit 

520 — Counter voltage system electrical angle computing element 
522 — Electrical angle table 
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DRAWINGS 



[Drawing 1] 



+, 



,100 ,130 102 104 




f 



10 



[Drawing 2] 
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[Drawing 4] 
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[DrawinglO] 
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[Drawing 9] 
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[Drawing 1 2] 
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[Drawing 21] 
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[Drawing .28] 
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(2) 

1 

Officii 1 fcftLTm£© , 8ffi£MU ft 

c»*«2] i»*jaiaa«©*^*fflSffT?*o 
t, a? 

MfEfU, ®2roS3tt^H!tt, *«©^ftt*5tftCiS 
U 7M > y 9 9 >7> ©M^ SCttf « ^RT * § 

tfj|ftSNC£.£tfS«*&fl!AU «^7tfcfc0© 
Hfffi^^©^«J^tt©^^7r(-^tt^»<hS^^# 
ft 2: LTlMcLfcllJ&S 1 |S«©«fWi*fflSS. 
H*#B4] WE«l©*W^R*«fctrai2©ttffl^ 

a©^<tt)-*c, «rSE*)±sEMn-r5#ffl©ffl^ 

Bo 

n t ± %mnt ©*sftus i-«fc o infers 0 
A 0 ~ 7t % l < )*tc~ 2 ?c©KWi*re©*5tf!£iSdM" 

fc*—o©«ftftS*«-r5«ftfl«S?R2:ftllA.&* 

m^m6] n*j«5B«©*^*fflgfin?*-D 

T, 

«stft*##R«, 

HftHflt-^tfc^T. #ffi©N (N£3) ffl©ifr& 



f^M 3 ? 7-177788 

2 

CT«ns«if£©#»s«ffl-rs««tfta¥a!t, 

K«»fcNfl©«Sft©#»©5 , B, BiRimBHCfcSKg 

^s^snfc*s©*»i^^a«jfi^(CctD, tfrfa^E— 

-r«^Rt^6*dt*nfci!*«6iE«©*^*ws 
[U*)S8] ii*«5ia*©*^ttms«T?*o 

T, 
10, 

Hffi © &»»-&£>-&©*! HQ fiJT£©€)£ 5 TOD L 

©**©*sfE«sttta-r5«atttffl^at, 

s^ajs ntc 3 ^®*^tt©TOt ta 3 -3©€^ffi© 

fl=tan9 

©ifi«SK«fc D«aft©KK*rt©&ffl**ft*ftffift 

g#R£> 

[«*«9] n*ja5ia«©aaftttwsfln?*o 

RBJUnSnfc«EK*i;TKffflKlfcSI£n5*SIE©#»* 

»««9taa©«aft«kffls«T?»^ 

T, 

WfB«aft«HW£^R», «IfBftffi^W^R!Cj;D# 
fe$nfc|Z«tJ;-3T, MIBHfi©^S«D«IATtfc 

1 2 ] |f*a 9 S«©«5t^ttfflS»T?*o 
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(3) 

3 

T, 

steins***., 

©ffiWfcBwnrrssg i vmmtomt, 

R^iD ^ nit <om& \z js c tr« h can 5 mm<D 

go # 

1 4 ] M$m l 3 R!«o«5r^ttfHSfll-pft 

oT, 

E*l, S 2 (Df 9M«t5|f^SSgf|, 

Miami, m2»«E^in#^wr^«ffi&, Mia 

ftftttfHSEII. 

1 7 ] m^m 1 ta«©*^^wsgT*o 

T, 

0e^*«> mm*-* ©*5iai&fHgffT?fc ^ t, 
*a«©*wsffa:5i(raE ; E--^©ia*athisitic± t> 

-rn©KmfcB-t-s*»s«f3e-rsK[H*f€^ii!t. 50 
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4 

ftft©«««**jrr«t*ic, *©«afwsftis«wi 
#at J: D*msnfc«aA&ffl^TSft©«a^*H 

[»*^i9] m&zi, 5, 9fcb<tti8ia«© 

EK^©@Cic#^T*frta#^tc^-r5MemE^« 

i»eiiite?*tflfjh*fcttfiaiiiei/TV5««i«Tftt, m 
tt, ttiiam2©-im^^tti^©Mtii^* : £fflv\ ttfia 

[0 0 0 1] 

a^&«ffl-r4«a^as**«ttf^©*aft*ftas 

[0 0 0 2] 

[«£*©&»] ft*, Rfflt-^CfcttSfcaaSfctti 

^©MfcftiBfcttfH-rS'b©^ Wplt^iSSffi 
&Jn*, fM»W©«EES7&!fc&IIII£f©tt11 (W»±tt 

£JBS 5 8 3 7 7 9 0#) . 
[0 0 0 3] mvffimZ, *#Jfc6£fflV>fcHS!*-- 
*©*£, Hfe?©HtelCj;Dj!eiE«Etf»£i;*;:fc£ 

afrS*ffi, J6V>Tti*©li#©[5M&^©fi1t£JE£T5© 

t*^ d ^Bttt, xx-^#»ratBJa-r«Kftffl© 
^©Tabs. 

[0 0 0 4] Ctt&ro^fcSffl^fc^E-^fWWg* 

b, 0<g : P©iiH5(a[iB©«fflt»ffl©'fe>-y-*fflv>an 

^*>S, linET-©Jt€*fc|t**iE-ratV^*lfil6&t5 

t>©t>n«*nTv»s mm, mmmmmrcte 

#ff. ¥^ 2 ^VfMAXlftSB^Xff s E p - 9 0 

-2 1) . 

[0 0 0 5] 
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(4) 

5 

5 liB#fc -3 ft« #jhtt*-p«atf! ^Ste-T 5 ft J6 fc, 
: f»ft*ofc^3'->'T'^^-^*»K«iit*l/, HI 

fcofcjugsnT^s^ *-*©@iB*jWMf©*tt 

tffc*ft©tt£££D51irfl&lfe&*ft»3. 

L ft t*fc> fcfiJWMBtt, §fg U#& £ 3 T ft 3 . 
[0 0 0 6] ^>tf PXWflfcttSa^OiiSgt). Ete 
^##±LTV>S#&©±S3ffllI£*|ft1-4;:£j&^£ 

$E€E&fiJfflLft'©«5^&ffi£±tf-n£JWc 
TV>5fcOT?ftofc„ 

[0007] a*, Hat-^owwiKjsufco^ 

1 3 5 8 5^&«^SB6 4[3, «7 4 h 

©j&Tfc^Wfcfc©£te&0#&!&>ofc„ 
[0 0 0 8] *aSK», ±jffiL&i*>-tf- [✓;*««©»» 

[0 0 0 9] 

[iss£»fti-§fcs©M *^Hj©m 1 omtyi* 

*A«5C«fc*«#£©ffiEffr^«fc0l3R?£l3fc3 40 

m\zfo\:Tmn&mm<Dmmtmn,%t<DMm¥ibm 
«jfi£fctt©ffirafcs!r£©*E£i?jiiu ifPiL&t 

ttT3fg2®tEtt:^Ri:, SttffiSIl 0«#t>*Kl^LT 
MfE^HMJpU «tn*««E©#»SttWr5» 1 © 
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&#8BU ffiiB^- : $'©£a(,£&0~2 jt©WT3R©3 
[0 0 10] *5BWO®2 0*a^tttHg1ttt, 

T, iE<HfM*C«fc!>, mm^0~7rfeL<«7t~2 7t(D 
0~refeL<lirt~2 7r©l>Tft©Klf ldg"f"5fr£# 

we*nfcKm*5, ftft-^©iiswi£?ferf3Sia 

[0 0 11] *56M©»3 0*a«*tHS«tt. ±IH« 
©#£©ffi£frtt£MfB06?£^«!^5«S«© 

lift i UT*tt£***fta«Hfc£#afc Aft £ i 
[0 0 12] *ft$®£4®*£ftttffl8*tt. 

*t©ffiSfPfflfcJ;»3lam?SIII<ES**llffl ; E-^© 

t^fttiiigfiTjoT- «gft©^tH^ff^5HtllH ; & 
-^©EH6»C-tlS«lC«tt)£*5*^7tCBT*fiffai 
Krtfc. MS2#ffi©0ffe©tt^^*tai±^MDb, 

mmmzfc\;T9iftz>mffi<D%W)izm^T, mmo 

~ ?r fe b < ISti~ 2 7C©KMl*IT©*^^{il-rs^ 

flftftm^gtt, 10, «aft«to~7ct>b< 

ra^fc, *&ft©*jjw«£ft5rr5£#fc, ■£©«»!& 
s^ft &KffTs*aftM«T^ s t m x-tz z\tzm*a 

[0 0 13] ffi^ ^HUcraM^-^WffiilSgfi. 
JibEI! 1 LI? 4 ©Sa^ttWS1tS«^5 

atzmawmiu^mt, mtkmzntcmmmzm 
wiam 2 ©*^ft*ffl^ii!©*ang*sffl ti, tfriH#« 

[0 0 14] 
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(5) 

7 

imi *mw<D% i (onssAmmmn, mi mm 

HW*-*©#ffi©m©»Sfettfc#l/ 

•esEc^ida^a-r*. to ^©^m^Rtc^o, 
n i (om$t>ikt\mte&m&t>it<Dmmzi>m<Dnm 

>X£Klftl/fc*»E©3H&£»tfJU HI, S2©§Stt 

■fS^ttJ:*}, @C^©&M^, «^0~2rcfiD« 
BlT!ifeJ£>»Jfl6£&*©T!»»3. *&aSBMt», -5 

[0 0 15] ££T, SI, S|2 0jE*^H!tLTtt, 

[0016] «*©#»t«awfc*i;fc-f 

*©MflS#t» «^©0~7C*«tOf7r~2 jTT?S&ofc 
fc©a:*oTVsn«, SI, f!2©Mi^REl<fcO*^ 
A©ttffltt*ftl::ff&*.*. £©J;'5&Mttft*a'r5 

»fc 5 ©ME««E©#ii^ffi©*^ C*Ct5#» t 

S/Sij^ftt-r^^tfe^ST*?). 30 
[0017] ts.it, mzmm*%iiiD-rz>£ffi<Dm£t>v 
t twannET- t*ti(!j5)6-r5«5tiii»©«st*m©#i»» 
jg^tffis-r^ejEEs, stt#ffi©a^t)'&cEiwn > r«. 
>b©tt-n«. ««©#»tft^[cjsu;fc^>y^ 

>7,©W#>^\ €^©0~rt*«fc^7t~2 JtTSao 

[0 0 18] *56?B©©2©*^liftffifi«©J:5fc, 
MiB*ffi©#lrlc*:^Tjfi{HfWK«fc0« 

irE ; E-^©«^tfl**©5!ld:t>T?**. »*W4, 
Nffl©!fi-&t)-B:©5%N- lflC^HTftS©*Ki£* 
ML, SID lfifco^TttSKN-lffl©SiaHtJ5»5S[ 

jrrst»©tLT*>jiiySjt&^. 

[0 0 19] Sfc, IslM^-^O^^ZffiRIM^-^T 

*na. Hffl©#iifl»#tj'a-©ffliiBfc3fs©«ffi*HJju 50 
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i>fc«^©#*©«iMt*iiftau, mmzntcs-oKDn 
ft«s6^-r5K«©viTn*»-"3S«f€u 

ftfflfc^T, 9*rt ane©aEfiliCfc«tO*aift©SE 
[0 0 2 0] *»91©®3©«umtHeilB, *aa 

©ms & iMt» t .t t> fx& 5 & 2 ©*sa« ate* 
©EiiBcji-r5A»swfe-rs*fifcfc»as*fS'&©T? 
*ir*t^»g©fcHfit©*/h£«fct), *gft©JSf 

<Hw~2 7r©ErartTf©«aftfclSi;T, WEES HUD 

■r**n££*.nfcf, m^«©^ffitjtK&sfiiHT 
[0021] ^s^m^Rir=tD#^3nfc 

t*©KWCJR-rs*W;±t)Ttt, Bf£«E©EPijnfc*tT 
C*i;TffiniIK:iilEn*««S©**S t^ftSftfcHfit 

©*/h(c<fcD, *&ft©«BH£»jrr5t>©£-rntf, 
w»D-r5*£e*tec*^<'rs^E*»a<, «sje£©ep 

[0022] s^**ja-r*Kiwtt. #«©»fe©ft^ 
t>-etwBnn&?tj6»*^-r5«aiiiB©«a#tt©# 

T^©«Ettttttt©M»-&«ES, *©«EESfiIJPl/ 

[0 0 2 3] ^©tt-g-Tfe, 0~7r%.L<«7t~2 7T© 
KfflrtK*»t**^©«-r*K«lC«toTtt!RIBiI©« 

BESBmii"r*ffiMS ! Ri9Jixa^ffiMKft£Tna, -© 

M«ffi^> *«3»jBtt©TliB«[t-r5t*«Tf#5. 

[0 0 2 4] firaicWESBiaL/fc^ *J±©EPBPS 
#lhLTfe, a««5>fc±D«E*JfiTfS©fctt3f3e 
©IfWSItr*. ^-"?» TOLfcmiiCMT-SSSt© 

OLT, «*©#li©3jf0ttffli8«?r*ta:SiT©I^W 

[0025] a*. fiiju-r5ftm©«ifc»s» Kiifflt 
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(6) 

9 

tfww-rntt, wBfflosat«EEftfli^.fc*aiiT'b, * 
[0026] tiHti^wmint&nmommft* «*© 

feom5n5««, W*tfBr£©*£E&l¥JnLfc»© 

©nm Rfs^r B i«m©*»ft«, b?£i$h«»i$&© 
«*«©«#«&£, mzroim m&m 

[0 0 2 7] *3BW©84©«5tatttH8Hfc«fcft& 
ftfittffl^g!^ «aft©ttfflftfri6:5fl(Ha ; E-4'©@ 
(RiR±IBfitJ:»33£45«f[ftn:C5f4I^WKl*lC, 
tfrlH^ffiOFif £©*l#.£frit t«£ESHJln U R«EEfc 
«i;T«n4*8K©*»CS^V»T, *a^0~7tfeb 
<tt7c~2 7c©KMf3T©«tWI£tttil-r5. £©££ a? 
Ttt, «SUia*0~;i:fcL<Bjr~2 jrffl^fttCJR-r 
«*W€T*ftV»©T, il>ft< tt> 1 IhT, ~ 
»t>L<ttJc~2«©V»1"n©KIBfcJR-r*3l>»ft, Effl 

rtTtlflJttULTfc, H"fn©ieHtJRUTViS*> 

[0 0 2 8] ft*, *«lfl©^»! ; 6-a'©KilSBtt, 30 
±fa©*m^^ttiSK&«^. HUE^tfttfifcS&Kfijl 
HfKLTViSiSWTtt, C©«aA*ffl8B©ttffli(6* 

ffl*ffi£ppsni-§o £©®$a*rai. hrt-© 
RfciD^m-rs. ^©ie*Eta^viT. m2©« 

Sf!2 0ft^&ffl#|£©&ffilgS£^. 

[0 0 2 9] 40 
[**M] K±K?BLfc*5fiW©ilJ*-fffflft-IBifi6 
&T#8W©ffafcSSiM»IK:rJV>Tta 
■5JT-5. H 1 tt*5SW©-^JBfl«l t bT©«^««ffiS 

ft H2«fflWM«t^^T^5HffiHSe ; E-^4 0© 
«E«*J*S*flBWR 03«£©HffilWE-^4 0 
©@ST3 0 5 0 £©M«£7KT«ffi& Tfc 

■So 

[0 0 3 0] *f\ 0 2 V>T, ZffiHSB^E-^ 4 0 
0^#:«jgt^^TiSBJ-r?)o ^©HffillIMt-^4 0 50 
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if 

b, HS'f sot@te?5otj:n6SJK«i-r*^-x 

6 0 i#5fc5. IiI(gT5 Ott, *Hfc*MB55 2^ 

is#snT*o, -e©«i+^t»:w-e.n&iiHstt5 5 

ft, 6 0C«W-6n&«lS6 1. 6 2 C<fc 0 UK 

[0 0 3 1] 0^5 015. &#fi&*BW«&*r5St 
V»TJ«»L&D-^ 5 7 ft8»#8tlL.fc*>©T?»5. 

4tf»r©£«7 lfctr>L7 4£fl|*.5. D-^5 7£« 
1L» EHiMft5 5SEEAU «»LfcD-^5 7& 

«, ^©*ffitlfi«Jitg«H*«$tiT*5D, as 

[0 0 3 2] ^5LT@6f5 0«bm 
5 0©$WS||&'T?*oT, &tt7 134^1/7 4©4«S 

=f- 5 0 £H£T3 0 -M©*^ 
155 1, 5 2C*BT*t, £©*Ai&55 1, 5 2 
fi. 7£J;tfXr-^2 0£Jt<«SSMd&«; 

jfct* (H3-^miS» o 
[0 0 3 3] 0£f 3 0SMt§Xf-^2 0(J > O 
5 7 tHC<«l*|Sjtt*«fl!fi©»Sftj ! T%a< £ 

-x 2 2 ftff ^.s, r>f-X2 2Bte»dESnfc^n 
yh24CI4, HST3 0iC@te«#ft^*$-&Sn^f 
^3 2^S0Sntl^ o ft, Zr—? 2 0<Dftm\Z 
tot, @S£flJ©#;H* 3 4 SBT^ h&JWKtt&ttTtt 
03TiiH*S«IH§UTS.So 
[0 0 3 4] @ST3 0(S, «OXf-^2 0Sll 

CtT-jSH/t^nSo ^©ttffiT, 3-f;V3 2&T"^ 
-X2 2[C#@LT03t^3 0 ^nft^r 

-X6 0i;im jftfcHLfcH£J8©#;i'h3 4£ 

0ft^r-X6 0©ttS6 1, 6 2 fcj; tJEMESffitifi* 
ftttS^tdiD, '©Hffi|Rll ; &-^4 0H^t 

So 

[0 0 3 5] @£T3 0©@5£ J f3-f;V3 2 fcHl£«# 

g|gTS2§«5J;tfn-^5 7, Xf-^2 0&Ki 

»j*3ns«*jWgfiT5 Oftg35riR|fc*<tt*d«ii: 
PftX, H^3 0©H^3^jV3 2fcJ:0}gjEK$n5 

oss*iafcit<*iftaiitff*. ^© 
mmm («4> tit 9os©^i 

[0 0 3 6] ^S', Hlt^-DTt-^fWffllSBl 0© 
5© h^^ffi^ftSttTHffi^Mt-^ 4 0 0 = ffi 
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(7) 



7-1777 



11 

(u, v, wffl) (D^-znmzmm-f&^-fnmi 

W0S§ 10 0, HfflRUTE-? 4 0 ©UffiUM I u£ J; 
tfVffim^I vSttWf5«iftttaigl 0 2, 1 0 4, 

110, N C < tffit till^r-f y ^ Jl/r-i' 1:S 
mrs2«cD7^-n^x^v^;«^ (ADC) 1 1 

2, 114, m^%<Dmw-%ftt£5 l^yf-v-i zu? 

n-fey-y- (cpu) 120, *&A£S8*l-s;fc»©T- 
aK-h;]^£JHBi i otifjjjyitsn&M^tt, h 

iftoWS. £&, t-**«fl!fl|II|fr 1 0 0 KB, 

u, i v, i wt}mzn&&D : E-$><D&ai)im\zw 

»TS*ffi£&£T5*J±TOlgBl 3 0#, *©tH*& 

t^ttsnT^a. cpu 1 2 o^^fflfMWtu*^, ~ 
©mffirangEi 3 oira*^nT43 0, z*§ra$ft-? 

4 Offl^n-f M:l?Jn;^S«ffi£fl«#SfHfl1-4Z:> 



12 



[0 0 3 7] /O>^5*^0Hffi|W|ffl ; E-^4 0* 

.ttfcnswwt" -s^-^fflweei oic*^t, ine 

TPlXfMTr*. 04 B, 

0S£E1T£3„ H^-r^i5fc, HfflWE-^4 0© 
UffitVWffip B 1t'Hff£©*J±E 1 SX^y^MftWfcUn 

cct«£ns*«i u (t) b, @g§©-Y> 

zSJS§©-#l£^Lfc©^, 15©^57t*5. & 
0StcM >^?^>XL11 ^©(^©0^5 0© 
•^fteoBlfttftoT^S. BP'S, HH&f 5 0 j5*HHE 

[0038] H4c^i-«sHiisiaiic*^T«En*«iiit 

(JSLT, Uffl««Stff^) I u (tMi, ifcSC (1) © 



Iu (t) = {1-exp (-Rt/L) } El/R 



^T, exp 0B. JB«H**SU RBBSI©^ 
>tf-^>X£, tB©MS^1-. '©*§£© UffiStfit 
Iu (t) tt, H5T*fc*f«t5fc. -i>9>7 9>* 

JMS0fctt. dO*lMITtt, 0 6©<fc5ic, *a^7t 
(18 0*) Stf^C^offiHHffS^bfc. H6K 

©W^©*Mfl©-0!l£SU SSuKB, V-WUPbI©^ 30 

L, 1 2 2taattf5. 
[0039] #ffltstn§€M^Bf€«('i'r5ST© 

o©WD#§[uefi*, OTsmm&^fPjTrSo & 

is, H7fc^-ri5fc, BfttftEEO/WxftBlJnU 

Oi^tiWlmllt -f>^^>X*»**V»»#© 

[0 0 4 0] H6fc*Ufcim«T?tt, 
^^>Xt©M'KB, 0~7ti:7t~2 TttTgftoT^ 

tx~2 7ctTtt, ^|-©M#^bis5-rfe©T$>§ 0 L 
#U HKIH©KS!l39^^»:V5t, £«!«©*£#&« 



- (l) 

Ati ? >x turns 5 !cK&©Mm? 

@ISfc*tt<5-f * >X^fl C left 0 Bffl 

^#ffi-r^>*^^$>5©T, iffi\z-o^T<D-i y#t>$ 

EECA^X^EPiL-fc^Wlicill I m 2 tf> 

V> L a 4 ©4 C^V^fc^nSo 
[0 0 4 1] ^t, H«tVfflt^ViT-€-©-f 

©M^B, UfflC^V5T©Mffi£ffiffll 2 OlfittfS 
Lfc"b©£fc-3TV>5. Vffit^HT. ^©€^Rf^ 
fiCS-r**T?©raHlT0 1 feL<B3fS*£EE©A°;i/ 
XSfiIJtoL,fc»&©S*«flE Iml* 5*©fc-f 

(=/3 1) «», [ilteT5 0©ftK©«^tbTftS$ 

[0 0 4 2] *Rfc«*A*ttffl-r*fc*C!>CPUl 2 
0ft©^aCr3^TBSWf§. H8B, CPU 12 0# 
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13 

T$>3o H*f«J:5R:, CPU12 0B, coJHW 

enrsnst, sru-vwwc0f)£«EEEi*Bijiirr 

StfttCPUl 2 0 tF f giSLfc^'fV£X^-h$iJ 
§ Ut^2 0 0) , pftSSEE 1 ©BflHtJ, ^J&jt 

tin*. ^TMMJ3gl 0 2©tfi££ADC 1 1 2 

s^b-cue^st*), umsiu (t) sfcwrs (X 

f-y72 0 5) . K*»-3fcUffi*ffiI u (t) tftfffig 
fllref KSbfc^S^SWBfl/ (Xf^2 10) , 

UT«*]R5 (Xxy7S2 1 5) „ 
[0 0 4 3] Jfcfc, U-VWM«)«EE©fiJjD*±*, Br 
£NfHtt3iUT*>5, v-wu|B]fcBr}£«EEE 1 £E[Jfl[J 

7^2 2 0) . Sfc^T«il6tftttiSB 1 04ffltH*SADC 
1 14S^L,Ti«».IR»3Vffl«S£I v (t) Sttffl-TS 
(XT--y7 P 2 2 5) . K&®-3fcVffl€Zfit I v (t) 1fi 
Pjftgftlref icBLfc^SfrSfflBrb (Xx-v7°2 3 

0) , MLrcmsiztezmrfitzzi-icDmmmmT 

vfltbTR*Bt* (Xr-y7S 2 3 5) . -t©», K 

5i*4flOtSWalftHLo4. 0 

(Xxy7°2 4 0) . JSC ^nbCSIftffll 

I am- j3 n I ^ £ 

Ut-^2 4 5) . a**nfc*^o#^tt, -t- 
^fflWEi^ 1 0 0 na^an, 4 0 

R©@fe?5O0l3teffili©AMR£l/T, iEIil$©U, 

v, wftffiicTOi-r«##©(a5fa©a8€cfflv>6n5. 

[0 0 4 4] JSt±ii^Lfc^«WHJ:n«, 0teT5 0 
LTHIfflt-^4 0£XA~X!C#iSjU 0fa©M 

u-vwwo^NgfcfUiirr-s^ 

£EEl©^*St)L<tt-€-©HJaKflHS, ^-^©ESi 
£ J:HI5«i(E*««n5«E fc b < «3« MKT 

t«i^T*tttt, ^e-^4 o*«je»rr-5*-entta:v>. 

ir>^X©M^-^fffPP£Bl 0S§B[C«^f* 

s»c ^©t-^omgs^cs^tfeftvs. 

[0 0 4 5] Jfcfc, *^HJ©^2^i(I^Jt^^TiKBJT 

*o B2ftjffi^j©«a^mggs#tr ; e-^aws« 

»L&*t>, «afts*iH-rsjftT»i*it«!iJift 

§0 H9C*fJ:5ir, fg2S«fj©^-^fflfflgB2 
5 0B. mi*»«tS*W^*i?£tt|si-TfeD, AD 



(8) #W7- 1 7 7 7 8 8 

14 

CI 12, 1 1 4 £fW.T. «*tttfl8 1 0 2 , 104 
^S©#^SfflaT*/t>F/1X7>C^2 6 2, 2 6 
4, n>YW74)}/9 2 6 2, 2 6 4©W7J^©X 
>^n-7 SJftDtti-rx>^n-7«lffi«2 

72, 2 7 4&IX.5. St, m2mmmr\t, mm® 

Jpgpi 3 0 CttLTRMSfe^£3&£-r5RflRK£$ 
2 6 0 %ffi?LZ>o 

[0 0 4 6] £©KJf$E5i£gR2 6 OBu H10&^L 
E9 1 2 fc*aBfc*f «fc o C, Hffl^Iffit-^ 4 0 ©£ 
i0 ^iSU, v, Wfcl?;(ra;*n*£««£EVb©H3ft|R 
-*©@Ca£Sfc£t5HifcftT»!), WfctfOfcH 
L3 0 0Hz) CMLT> Eni#BPIflB&eftHffi^ 
(fl£fcnffi&±K^EIRft5fcV>Ll 0KH 
z) ©*J±ff^Vh&^-TS0ii§T$)* o WEBM 
1 3 OTte. H 1 2 ^E-^ft^ffiljfM 
1 0 0^6©»^t±»)ta*-r5K»ffl©S!ffi«EEVb 

Sl/fc#*££ldcU zmfcHffiEIHIt-^O©^ 

^) [0 0 4 7] Sl^JfiWlCO^TSJlflb&.fc'SC, 

«m©-f >^^^>X«, 0*6^5 0©Hflgfc#K IP 

■s^ft©^t:K«tD^t;-rs^6. EPIlt5lEl^ 

mmmmtmttz, nmanm 102, 1 0 4 t«t o 
^mbfc^©uffi«aEi u (t) , vfiiiiv (t) 
ftsri 3(c^-r. 01 3Tta, ftta**, «^ 

tti3§10 2, 1 0 4 0fflAt5M^Vs tL-TSL 
fc. ^©fl-^V s £A£-fSA*>F/\°X7^;l^ 2 6 
2, 2 6 413, Kfflfl£Sg£$2 6 0T«£UfcKHtt/S 

6, rt>\ s K?.74)V92 6 2, 2 6 4©tU^#^Vp 
tt, H 1 4 K^fi: 3 fc, fi^V s KlBfiSttTW&flf 
ffi*^#©#«ttfflL& , b©(!:fc«>. JSC £©fl**V 
p&X>^a-7«mifK2 7 2, 2 7 4fcX*U#* 
©777fliJ©SIS«S:^DfflLfc i fe®^ H15fc7K-T 

[0048] CPU1201S, Hffi^ffit-^ 4 0 ©0 

mm sfra 5 si6 c*-r«ftftj»fflffla;i^-^ 

40 u, I v *ffi%hmzBM.%?Tti.z) (Xx-y7S2 8 

o) „ nojfiaa, *-5^t©s«s, uffifeio?v 

tt, HI 7KwfJ:5fc. e^^-rnfcBT«{bLT^ 

*©T, ^WtllM2)'t^t!§5. *©%, 

>J 1 2 2[c7-*IB«Lfe^-7;l/^#figU fgl*«J 

Tiai!BbfcffltR«t©#*3re, •ftftftflSfa (x 
mb&wigtM(CcfcD^©x-7;ks#sgu, ^si-*« 
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(9) 

15 

[0049] £5l/r«5W*£ttgL;fcft, 

fMf«i o o\zmhx^z>wm<D9~-9*m\'t 
% 90) „ ^-^mmmmm^i ooa, 

fcS^HT. =ffiOT^-^4 ocoKft^it^ff-ff-rs 

*t, foB, CPU1 2 0#ffl;frra«£»*&a©tif 

•So 

[0 0 5 0] £t±0«fc5fc«]Slc3nfc*Sg»«0 ; E-^ 
MWS»2 5 OTH 0fe^©0fe^5 Ommmt 10 

SB 2 5 orofcriESffillfcU #JBtt©Rtr>Sff<£££ 

^©«.tH*tna, Ull^f 5 oa«f?ikL.T^S»#©* 

[0 0 5 1] BttfflOHJillfcESOtLfcig^. 
Wln$n5«Ett, fiM«$#©*i&3. %,2%m\ 
X\t, SSf*##mg»»tLTffiilBLfc*«. ~tx£ 

i o 4*«tta-r5*«tt, Hi 8T«fc*i* feotft 

D, *flDffijSCPIC*W-*SMi stt, 3Jta (2) £fc 

WJnf 4*JEE©«»»S ftLTw=f/2 7r,hfc3« 

i s =V0/ (R 2 +co 2 L 2 ) 1/2 - (2) 

[0 0 5 2] fcT. ±IEHM^Jt^«, £©*^»I 

©*Sa£:ili&S COJi^fctt, !VV7, 

[0 0 5 3] K±SJBJLfc-^©*«jT(i. mttftt 

mi.t<Dmmz, mi9 (a) , (b) ts-rj^fc, 

[0 0 5 4] #£#©ft|R!fe5JPA5^H£att#|*i 
»©«SBt©Hfiltt, H 2 0 K*f«fc 5 ^»?> 

rtaan*Bt©iaifctt, *s (3) ©Nff^s^^ 

B = /x (H) ■ H 

= {L (H) ■ D/N2 A} H - (3) 

D : m$&&. N : 3>f A : BMffiff 

[0 0 5 5] it (3) fc&HT, D, N, A«£&&© 5tf 



f^M 3 ? 7-177788 

2(5 

ttftfc t o T©0.««IMi. Illte?- 5 0 ©*#Jfc5fc«fc 

•a e# 1 3 -r ^ fc^ns *m t ± s a# t ©*§tfn t & 

4. H2 OEwfiSfc. Uffl©«Efc*A«5©N« 
tS'3TU4. n^^f>«^S04HS1- t fc'5t, Uffi 
T, «£|*3©«jfc»£b©|»ffi£fc5. *«#*St*£ 

[0 0 5 6] ffi*, *XW5©S*j5Wrtll/TV»*»& 

tt, 02 o®£c ©W#tftoT*;S3, =W;Mc:|it£[Rj 

c, ±fa^ta^6jSb*T?3»i(i-r5©csi/fc©a:rai; 
*fr$©«iis«E-rt, M*©H«a, j&d&i&wrr 

*ti*iaHB*t©Ki©«fl:B. -ummBW.mzA% 

*»*f|iJbTV»fi*©8iJ, BV»«AnB. *5tA*«0~;t 

£5„ £Rt. HWJ©lfffl ; £"^4 OTIS, -€-0«aft 

5tc> 0~7t, 7t~2 reTS/iSMffit^oTVifco 
[0 0 5 7] S^t*«E (-f>^^^>X) t©H« 

©^ H3tT 3 0 tHHET 5 0 fc*JtS«aW&Hffi* 

EI5T5 0«©*^«55 lfcVsL5 4©'5^, —3* 
« t. 5 2 t 5 4 ©«ftSnfcM-ffi*«fctf^B 

7 2, 7 4©SffiK, Ktt#8 6aVil/8 9*ftS#TS 
«J«S#^*j:a:*JT#S. 02 111 ^^-^©IhI 
K?5 0 4:0^3 OtS, a#©MSHSfc»C, It 

fe^5 0©*^«5 5 2©Tffl«tt#:8 6*t, 

5 5 4 ©TH 8 8 fr\ S^tt 7 2 ©*ffit#|4#: 

8 6*?, S§ffi7 4©Sffi!C«tt*8 9*t, #4f^t6n 

TVia. j:©*^ «s^«^-rs-*t©*^«5 5 

1, 52(C«@TSi:, 1W8 6, 8 7*«SFffiT5* 

#*C«n«*S(£t©HfllK, «tt#:8 6 ; 8 7 ©#ffi 
bain 8 0K (0~n:) t, «ttfr9 8©#ffiT?> 1 
8 0* (7t~2;t) tT, Sao&feWtaS, 
[0 0 5 8] 7^43, -^OMI^^T, «MMaM# 
©#*'ft£JSm«J^££^, @g^3 OffiiJfcffiW 
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(10) 

17 

£RttTt>air>. Z(Dmm2 It, fttt#9 0, 9 1 

[0 0 5 9] *fc*58WO*3*lS#!te'3V»TRiB'r 
4. -hWBm 1 , »2^Jfi«Ttt, *&fcfc*flE (^>^ 
#*>X) <h^\ 0~7t£±t/7t~2 TtTg&o 

ztrm^Lftzmfebtc^ KT©snt«n?tt, H20 
t, mmM^~fti(Dmm (o~»t)U<tt7c~2 7c) 

JXK©KWK*^T. 0~7tt)L<«7r~2 7C©V>fn 
#©lBHftTtt£3n&*£Ca£<fr<!:iH«U 0-2 ?t 

[0060] mm*-* t*<DMnm&<DmtiLft 

CKT, #fcECUtlf*) 3 0 0i, EC 

u3 o oftZQmwmzgtfTmmzmm*-? 

4 0 £HSTf&-Y >A-^ 3 1 0^b#tj£2tlT^ 

3, ECU3 0 01J, M&OCPU301, ROM30 
2, RAM3 0 3&£*£ffi*fc5ffi»aiRg[§l5iLT 

jmssnrfct), «a-r«j:5fc, «aiLfcftffl«ai 

U, IV, I W£AA^-h3 0 6S^LTAAU * 
»A©*{HftfTfc3i#fc, Iftf7#-h3 0 7*ftLT 30 

[0 0 6 1] -f >A*-3> 310B> ECU300 tO-f 
>^7x-X£WI§i*>^7x-XgB3 1 2, 6fi©* 

4 O0#ffl^©®«£*£ffl«TS±F5-<:/BI&3 1 

4, r0£H^7[§iS§3 1 X«t3'>^«n? 
F 5 -I" 7*1" 3 7° 'J K7-f^liIK3 16, 3 18. Uffi, 
Vffi, Wffl©*«&tftB1-S«i«ttfflS3 2 0, 3 2 

i, 3 2 2^e.«i^3nTH5. w?Wft r+j r-j 40 
mr^o, fd^ r+vj r-vj ictt. a 1 

[0 0 6 2] •Y>^7x-Xg|5 3 1 2ii,ECU3 0 0 
#S©M*f££WflHK !/U H?-f 7*EI&3 16,31 

9 = (n-1) X30 + 15 + S gn> 



<$fM¥ 7-177788 

IS 

ffcmmzmjiZo ecu3 0 0*&shutdo 
wN^3&ta*snfc»-&i^ H9-f y@»3 1 

6, 3 1 8fiK©-«©M^£»TT-l>y-ht>§gtte> 

[0 0 6 3] 7"U K^7HM3 16,31 814, ±H 
7*IMSg3 1 4©*m*7-f-.y? 1 >^b7>v7^£ 

-YtUft-y^-YVyyVT,? (igbt) 

[0 0 6 4] ^©IS3*JtW©*^JfftaS«tt, EC 
U3 0 0ft^T*3t3n"C&?), ^-©fES&H2 3©7 
a-^^-hfc^Lfe. Bite, ECU3 0 O^gBT^S 

&fflmzSt£«£L Ufi/^S 3 3 0) . 0~7rfeL< 
»7t~2 7c©«HrtT?©*gft<f>£Sd*L (Xf'^S 
3 4 0) , *lC0~^t)L<K7t~2rt©^Tn©«eH 
j&>£#£-r*i&S£fTfc^ (Xt'^S 3 5 0) , 
»CO~2 7C©«HTf©*f[ft0**»S (Xf'^S 
3 6 0) . r©5-fe. 0f£©fflHIC«EE&^JPUT«55 
£<*>£0~7rt>L<te7i:~2 7t©^Ttl^©ffiBITS^t 

-raffia (iuf^) t. «aw!«»v»t*n©«Ht 
«atbTft5ct3&JT?#*©T, KT-s-n-enoxT- 

[0 0 6 5] <J5lXf-y^O»lCD*rt«l-l># 

SHU*, *ffifctti&3 2 0&V>L 3 2 2lCj;?>ft**«E 
In, I v, I wSrfiteU^tlSryny hLfc©fc©£ 
H2 4(C*T. 6fflK©*8fE», 1 2 OflrftJmT^ 

«a«o~i 8 ogto&B-rsfc, &$©§* 

miu, I v, Iw©Wlt 3 oflffr^teu 4 
«Tr6H0©ii-&to*fcft5j:t«i»*«. bps, 

R5M (0~30g) ^Iu>Iv>Iw 
E#2(30~60ffi) -+Iv>Iu>Iw 
E#3 (6 0-9 0g) -+Iv>Iw>Iu 
E#4 (9 0-1 2 OS) ^Iw>Iv>Iu 
E#5 (1 2 0-1 5 Qm -»Iw>I u>I v 
|£#6 (1 5 0-1 8 0S) ^Iu>Iw>Iv 

[0 0 6 6] ^EF B 1©^ffi**mS©5^, 4^©*^ 
Se^t>© maK»n?BIv, K4>2T«Iu 

• • •) ftCOEK>TnfiGBT?*at*aLTffi«t-r5J: 
i:^T^4o ^©«Tf*ntf, #1Bfi**«©¥^fiS 

lav. nSgWE^TttlSffi^-r^eMt^ I n, M© 
fi^&mtLT, (4) fc±D*a64 

( I av— I n) Xm 
... ( 4) 
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(11) 



7-1777 



19 



20 



s g n = 1 : &ft 1 , 3, 5 > - 1 : K 
#2, 4, 6T&3o W6, «f»K»T?tts gnttffil 
«»©£#-?» s gnBt- IT!**. *&, 
K#l, 4TtJIn=Iv, E#2, 5TteIn=I 
u, E#3, 6THln=IwTfe5„ 
[0 0 6 7] *^MWTftt, mffi<D±mt£¥%m I av 
tel 1 0 AT&ofco -#i|£LT\ Iu=13 0A, I 
v=95A, Iw=l 12A-e<feottt«t» 
©fi©*/hBB« (Iu>Iw>Iv) ^SE#6T?fc5 

n = 6, s gn = - 1 tLTiS (4) * i0 
ff*U e = 168£#5„ ft*, C©WT?ttHMfflO 
(130 + 95 + 11 2) /3 = 112. 3 
tftot, ^ftJISL&^fil 1 0Ai-&LTV>fc 
K ^0*^}lii, £»©¥3«£ffi^Tff-*LTfc& 
K £©#&!;:«:. ±ta©fJT(i, 0=16 5£:fc.5. 
[0 0 6 8] ^fBO^JTti, fcffifk;*:*«£I u, I v, 
I wtt*ailyfc*t, £#Wfc¥JSfi I av^$ijfl±^ 

»sn5«^ttt, «9^.h:i u, iw©*aiu iv 

*«sn& I u, I wtW-i^iA I avt^^imCd; 



1 a (-15~15ft) 

E#2 a (15~45ft) 

a (45~75ft) 

E#4a (75~105ft) 

E# 5 a (105-135*) 

E#6 a (135~165ft) 



A I u 

ie mm 

iF. 
ft 

ft (*«} 

ft 

IE 



ffioT, H2 5K^Lfcj;3t, £:©SS1S*!IT©K# 1 
afcV>l/6att, - 1 5ft££e^i:UT&* 3 0ft1*O 

2 StCicST^Lfe, 

[0 0 7 1] ±J6Lfc6 0©K^>ftfc, -hSBS; (5) \Z 
AIu, AIv, AIwSAttilA£S£ffl^TiSt*£ 
ff&All «gtft 21 S (5) 

&WOfttfjeT©jfite£&0T, &K#n$tc, 

3 0 X (n- 1) Sr^iDfcSMSfc&Efc&.S. #E 
ft&<D$t®i3 l &Bt t, A = Alv-Alw, B=AI 
u-AIv, C=AIw-AIuiSiLt, 

la V"3A/6Alu 

2a 30+V"3B/6AIw 

3a 60+V"3C/6AIv 

4a 90+^3A/6AIu 

5a 1 2 0+V"3B/6Alw 

6a 1 8 0+iT3C/6Al v 

[0 0 7 2] £©fMfcfcJ;r)Sl*T-y:/©*»£fT& 



40 



50 



*t3©*«fcffttfl*3 2 0&HL3 2 2©5 5, ftMfcffl^ 

[0 0 6 9] <JglXxv^©Jl2©*^Wl-2>sfe 
SS©fe^©*-&- GLftififtBiO <D&&H\ii* 8= (t 
an 2 0) /2iV»53fflHiW»rit»3*OC:i*«»5nT 

^?>. Ml^tiiu, i v, iwd ^oti/in 
2 ogT^-rnT^sctfrs, £©jfiffiiic*#ffi«« 

TffiBrTSt. 3to£ (5) 

6= (t an 2 0) /2 

*S^=^3 (IB-IC) 

&mim=2 {2 I A- (IB+I C) } = 6 I A 

- (5) 

*^©¥^fflt©<i^T*D, IB, icti.^©ffi© 

ffiw*aK©¥i5fii©fim-e»s. ^fe, -^©tou 

K*s«ffi*®oTV»Stff. «!©2o©ffl|iB«iil©sp^ 
fi#&©ffi3£©flHI (±) «, ftffifflftffi 
I u, I v, I w©¥i§tt I av^£>©figA I u, A I 
v, A I w©«WtK^©H«*KTC^-r. 
[0 0 7 0] 
A I w 
ft 

ft («tt) 
ft 

iH 

IE (ffitt) 

IE 

§ ttlK , ^fc 7 - * ©Sfe£ fcfrfc 5 ifi3?*% H 
t^55PJ^#5n5. JEU©iRIH&a£ECU3 0 0 

Ut^s 3 3D. z<Dmm\z> it&mi&z-vz 
wic«ffi*B«iiiLfct^ufflt«n5ft*«j« i us* 

g-T*«iaSfftt5 Uxy7 p S 3 3 2) . ^©MS 
SV-WUfflW, W-UVffiWto^Tfe^DjIT (X 
T?^S 3 3 3&^L3 3 6) „ 

[0 0 7 3] Z.?\sX%t>tiTcm.±mMl u, I v, I 
wftffl^T. Jii£l*fciE$5S (4) fclXtt (5) 
ViftJEfflttJIftffftVi, *&a<fr£0~jc (1801) 
fcb<«7t~2 7t (3 6 0ft) ©IgHt^ift^^a^ff 
&5 (Xf7^S 3 3 8) . ft*, Z.Z.XU.. £*IPb1© 
I^fllu, I v, Iw**»fc*», £«ffi©¥^fil£ 

iav*t^na» 2o©sa«^s*®, ffi©—otts 

[0 0 7 4] K±©jfflaC«fct), IlXf7^tL-T> 
«ftft**0~« (1 8 OS) feL<«;7t~2 7t (3 6 
Oft) ©«HT*g-r 3 - t^T^t, LjfcU JUv? 



A I v 

ft 

IE 

IE (tM) 
IE 
ft 

ft (ffitt) 



50 
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[0 0 7 5] <^2Xfyy®MM2-l>I17f 
y^T?fi, «at&WLftt^l©«Si:ft-S>cfc5f;:, ft 
M^'f ;VtfiIjD-rs«E*IWISbfc*«. £2 7srv~rc 

T?^8£>fc«^8<J»#, 0-7T (1 8 01) feL<tl7t 
(1801) ~2tt (3601) CD^-fnoffiBKJST 
IP%024, 2 5 IZmLTcK^l a, 2 a, 3 
a, 4a, 5a, 6at|2^'la', 2a', 3a', 10 

4 a', 5 a', 6 a ' ©vvf nfcjsrrs^swjrr 

J§£\ u-vwfflF B ll:sn51^;iffiiu2B, 
aS^L6 afcK^l a' ftV^L6 a' gftofcfc 

*IM 0 1 5 ~ 1 5 !©£# 1 a 1 1 6 5 1~ 1 9 

5i0^i a' ©^■rn^fcftaziartfffwsnfct 

JWTStttf. 0 «gS£Wt: 0-2 7r©«HT-« 

[0 0 7 6] «&ffifo£iB£l-±3fcSEK:*f-faS* 
SSt I u 2 IC^B fTS t. ^la Tfi^St I u 2 

&la' T?tt. «*Ed*»6e*T?T!0*ft*D1»*. tE 
oT, ««tb!5^cSTCDntH«lref £|gltT*5(t 
«, g*tt?fit I u 2 tfMI I ref J: D*SV»jW5*fc,fc 
DK^la^la' OH-fntJSfS^SW^fSilt 

fe, K»2 atr*D#5«SfE©«H?0«BI*bji»Sc*T? 

K5>2 a' T?a0#SS*O«H^iaSe*>6 30 

[0 0 7 7] E^3atK^3a' fc^Tti, ft** 

8>j-r«2ii:«»T?#av5. -enT, cossets, v-w 

UftBgt*JEESBJJnbfc»&CDS**iK I v 2 £fflV>T 
Wje£ff»'5. K»3a, 3 a' *J;^4a, 4 
a' fc*Stt5g;*:*«I v 2K, K»la, la'ii 
OK#2a, 2 a' C*ft5g>;*atl u2tHi;H« 40 
£*5©T> |W|-©HttIref £ "T -5 £<!;[;: 
E^3atK^3a', E#4 a £|Z#4 a ' ftEM* 
^ttt, K#5a, 6 afc^WTtt, 
w2&ffi^Tfl£Sfr/cCd'i:^T^^o & 
*>, MM I ref [COV^Ttt, W€Sb, c, d, e# 

[0 0 7 8] K±®#*.#fctEV», ECU 3 0 0«t^K 

0, 3 6 0) ©PMSr^L-fc©^ a2 8©7D-ft 
-hTfc^o 0 2 8 fc^-fi o \Z. Z.Of&WJl—f-y 50 
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L 6 a <DVsf no^fco ViTWffJSff ft 5 ^Sf!IJ£ 
■f-5 Uf'^S 3 5 1) „ a, 2 a£E#l 

a' , 2 a' £*I|)jiJ-r*#&fcfik JfcfcU-VWffiWK: 
fiMfn1g«©*j££ML (Xf-^S 3 5 2) . ft 
^ttoftl u2£Hjrr5 Uf^S 3 5 3).^« 
fc, E#3a, 4a£E#3a', 4a' -ZSmttt 

£ \z a, v-wuffi ft i~«^t&f n«« © *E & ft in b 
Ur^s 354), m.±mm i v 2 saue-rs u 

x>>7 p S355).K^5a, 6 a£|2#5 a' , 6 
a' *W»J-r*»&t:tt, W-UVISFbICIIMM 
©ttl±£MDL Uf-^S 3 5 6) . g*«atlw2 
SWrrs (XryyS3 5 7) o 

[0 0 7 9] Jfcfc. $J£Lfcft*fKfci«I ref J:*) 
±^^^S^©flJSSffft^ Ufy^S 3 5 8) , * 
3H«£fcB:, flJ^L^tLfcE^te-WPtll a, 
2 a, 3 a', 4 a', 5 a, 6 a tflJSTS 

Ut7^S 3 5 9 a).tt, ft±*?ljOTffi I ref 
<fc!)/M£tttttf» 3 RISU«t5tUfcK»ttl a' , 2 
a', 3 a, 4 a, 5 a', 6 a ' X-hZ> tMf£t 3 

(Xf'^S 3 5 9 b) o £5LT«5i;a<»JS-r£K# 

Sffft5 Uxy^S 3 6 0). 

[0080] k±kw 3 mmmmm 1 - 1 1> 

Kttl -2 tW2- 1 Stt*-&t)'ti:& , bOK«fcntf» 
^ * aafflftl t ft 5 ft IrigKOttt fc J: D £ 0 ~ 

^ffl©*^ft*^^^tT«mft sttsrrs c tares 

ttffiSrffi-T©?:, -S^itS^tW^SOT, = 

[0 0 8 1] <%,2 7,7-y7<DWim\2-2>&\Z, 9. 

HJ-T^o -kfBfllJSfl 2 - 1 Ttt, K»la, 2at^ 
TH-©r4fiIref ^fflV^TflJSSff ftofc (12^3 
a, 4 a&i^Kfr 5 a, 6 al^^Tfe^D) . H© 
»&. K4^2 a©S/bftc tK^l a' ©S^fidt© 
m fc c > d © NflWAft L ft Ittltift C Ofc aiffl 

om&W 2-2 Ttt, ^icK^ 1 a, 3 

a, 5atfit^2a, 4 a, 6 a £T»J*Kffl*T 
^^©chLfco ^0*^, ^SK^T©M«Irefl«, 
b>Irefl>d&, -*«icl2^T©Hfi I ref2ti, c 
>Iref2>e&, ^n^n«MfntfS 0 §o fcT, 
c>dTfeMSH&<, H2 9[c^-TJ:^ic, ft&fi 
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$I©1KR©&ffimWff&/h£ < f 5 c fcjjSTrss. dO 

5 1-54 C^rsffi«©nf|Btt J f>^X«£E 
[0 0 8 2] <S27t«; -fvmjm 2-3 >±fH^Jfc 
02 7, 2 9\Z7jkhTc^o\Z, K^laiE^la' fc 

an^Hs^ofiwi/Tfe. m^ntzm±mmi u3 

a£|2#2a' ©«-&Ctt. **fcyfckgfc«liE*iSK3 

attntfc>e*»ja-e*av3. f^T. 

fSEftla, 3 a, 5 a [CO^TOWTefe 
g<. K»2a, 4 a, 6 a Ct)VJT©W£T?» ^ 

Mftomttz, d©f£H, 03 oc^l&iic, ft 
T*. Jl*©«^ ffitt, Sj£&3©«JflH£fc£tt, n 

Mjs-rsfis©7me5 5 1 *n u 5 4 
i^nsoT, d©K^T©*»^/jN$<-r5di*tT 

S5©tt, lB«Hfjh©^W»6ff3rr»*. $&, d©* 
£fctt, *J^J 2-2 izMVX, mm I ref S-^-pflr 30 

tiffiBJL^^ofc^, K)3a, 4afcK#3a', 4 
a' ©W9I©»^Ctt, V-WUffiKfc««E£afU -t 
©*£©»*««t I v 3 £$I£LTW£U E#5 a, 
6 aiE^5 a' , 6 a' ©TOJWif-g-fctt, W-UV 
ffiH8K:«ai£MEU ■£©»£©*:*:*»£ I w3£fl|}£ I, 

[0 0 8 3] <fg2Xxy7°©tt$#|2-4>U-VW 
ffiWfc. Uffl£lE, VffiWffi^fttLT, ^©«E& 
9f^WEPJDbfc«'&©S^««I u+SH«bfc-«l 40 
£0 3 l-h&fcjKLfc. <fi*, Uffi£j|, VTOffclE 
tLTc^<Dmizmmi U-SI3 lTRfciSl/ft. C 
©H**tffil u-£«£Atl«x_T. SAfitfil u + 
tfiteTffi^fc©^, 03 2T*?>c 07ST3<fc5fc, 
H1Xt-7^©*^J1 - lT^Lfc6C©E^l^^ 
L 6 \zMhT^ g*«Slu+«, K^l»^b3*J: 
tfK#4' fcV>L6' Tft**ifl u-£_k0D, E# 
4&V»L6:feJ:tfeC#l' u- 
£T@*. «^T, Mfi^m^I u+, I u-*W£f 
n«. K^ltl' (2 £ 2 ' , £ATIhI#) SffiWrs 50 
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dttftTfTS. C©«^ ffla;l/-5 1 >£03 3fc^L 
ft. JgaKHUtt, U-VWfflWfctHvr©ffctfi«I u 

+, i u-mxfcftwnm-mmx&^k wsu-rs 
&fgM-rsdt^ijtgt^s„ are. 03 2fc^L^M 

U + £I u-£©^tt, ffi©E#£J£^T*i*V^ 
Tf*S. tE-aT, 6&3^TttU-VWffilRIS 
fflK E#2, 3tOViTttV-WUffl|1BSfflV5, E# 

4, 5 C-3tiTliW-UV«fflSM^4fe«)tLt. 

[0 0 8 4] 03 3[^L^2X^^7©»t~f- 

Uf?yS3 7 1) , W3iJL«t5fr5^*»lt>U 
<«6T*S*^!lti, U-VWfflMtUffi*]E, Vffi 
W$£J|,hLT*JE£ML Ufy^S 3 7 2 a), 
?©i^iSlu + ai«t2 Uf7^S373 
a) . airiT^jBl"*«£E©iEftSia»CbT, OSDV 
W-UffiHBt«£E£HJiaL Uf'^S 3 74 a) , * 
©g±«^SI u-Satef* (Xt-^S 3 7 5 a). 
^©*£, M«©^«©^S*iJSiJb Uf7^S37 

6 a) , Iu+ffl^iu-i^tltnH Kfrlfc 
L<ii|S^6Ta5-S£flSL (Xry7°S 3 7 7 a) , 

I u +©,/;# I u-«ti3/h$Wn«. EMM' feKtt 
6' Tfc-BiWt-r* Ufy^83 7 8 a) . d©E 
BTS, iSgiBA-ttfit iu + tiu- tofiKtt**^* 

5, «1-*fltt»/JvS<Tt>, ^©ffiHISfliWIfcfr&S 

[0 0 8 5] ^|fi|!', %9t2, 3fOV>T», V-WU 
«IHtWU-Vffl|fi|lC-?-n-en«EESHiai/Tft**«E 
Iv+, I v-S|gL (Xx'y^S 3 7 2 bSV>L3 

7 5b), ^©^1B©^&WS'JLT (Xf-^S3 
7 6b), Iv+>Iv-©«^:»2', 3' £ 

U^7^S 3 7 7 b), Iv+<Iv-©S-& 
fctt. E^2, 3tfll»fr5 (7ry^S 3 7 8 b) . 
flfi^, K^4, 5[COV>T«, W-UVfflHiUV-W 
ffl W II«£E & EPiD t TS*« ffi I w + , I w - £ Wfc. h 
(X-ry-fS 3 7 2 7 5 c), ^©ffiMtt© 

*/>fi¥MUT Uf7^S 3 7 6 c) , Iv+>Iv 
-©«^tttK»4, 5tW^L (XfyyS377 
c) , I v +< I v -CS^Ctt, K#4', 5' tftj 
Br-T-5 Ut'^S 3 7 8 c) . ^1"n"b*&t), Si 

ne (0-2 7t) *ft3tf5©tt, K»l. 6©I^t 
|BIfilTabS (X^-yT'S 3 6 0), 

[0086] a±.mwbtcmMMiz£n& ftfevmm 

*/>B««W-TK» I&V1L6 fcL< BK» 1 ' ft^L 
6' ©3"JSW9J-r*C£*fp#5. fcl, Hfi#£^ 
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£\ *J*«2-3©2/3S*fc1-5!ltj8«T! , *fc. ft 
±.mmffiMT*\$, K#«0~3 0K, 3 0-6 OS 
• • -tLfcjjS, f31-2TffflLfc-15~15l, 
1 5~4 5ft • • ■ tVi a, 2 a, 3 a, • • 

fet«tO, HlX^^yTffi^7t^t^27;7 L 7^T 

[0 0 8 7] 8 3 *&a©tttH£. in 

x y 7 t JB 2 X x y 7 t \Zft\% *n-tfH© X 7- y 7\Z 

fc, *)«Wl-l*J;tf2-4fc:*^T, H#Ffl»l-hT© 
iUf?^, »2Xf7^jfilSSI/£Oi!l«, H3 
4T?*§. IlXf^yibt, SfflKHcJH&iJrS©* 
EE*in*.T, Uffi, Vffi, wffios±«st&JH5*:tttH-r 

— 3©ftBfc«JEE*^lnl/T*> 
6, »©ffirafc*B£Sm!lirf fflSO^MS^ 
Bfcfa. H3 4KwLfcSSl^'ry^©Kra*«fct^ 
2^7 l y^©KIHjWR7l/fc^T, 10©1tM£l©M 

ttt, rnTE»fi#©*m^^ffi3n-5^i:(C^-5. 
[0 0 8 8] Jfcfc, *^HJ©|4©SS^J(CO^T^ 

-rs, £©£«fl©«aa«ffiss*#tr*-*fi»g 

B3 9 0 ©«*$£, H3 5fc*f. £©*-*fflfl 
gfi3 9 0 «. H^fS«fc5K:, 112, S§3^2i 

HfflHHHE-^4 OWffifM^MfPTSt 

-**HEfW«iiiis»4 o o, u**.tr;vffi©*ifEs*a 
i-^*^mfflS4 o 2, 4 o 4, iftmu&mse^e^- 
^4 o©a*h;^*iM)['rs*«-h^iftjHB4 i 
o, %2nMMTmwLtcj>???>zi:<Dmn.%®. 
tBSffa^'f >^^>x^«aAttffl«4 1 5, j&g 

SS4 2 0, «St^©#^&HMS5»**»5t*t::n 
thXT-U^^SJnxTt)#S^4 4 5£|0br«kX 
xU'>^Ilil4 4 0^S*lJ**nTV»*. S3 

4 Tit sstum^tLT. ufs&<£tfv*g©m^&$ 

ffiT3 4 0 2,4 0 4©*jRbft*J, |3SJg^J-ri5£HJ 
Lfc±3CU, V, W*©#«t&ttffl-r««^fctt, 
Wffi©«Mflftttil8£i8ttntf«k^. 

[0 0 8 9] 4>?!/ji>>z3M§i&iktsm4 is. m 



(14) ^FjI^ 7-177788 

E«ESm^^^m^4 2 0, tXf'J^H»4 4 

o, ^^-^€^01^0^4 o ott, rnmzu^ 
fct3v»TiB¥fcKffl-rs. ^©siia^jfiift^nst, s 

1*0fe§ajtff«N h TO£|l|fc!RN&±j& W©W0r# 

3«HI£fT&5 Uf'^S 5 10). 

[0 0 9 0] 0teitSe«Nh^*IJg0fefcNa 
±©»^Ctt, jffigWEjSfc^atftfflfiM 2 OSffl^T 

%ttA-?zmm*nt£o af-^s5 2o) . v>-rn 
&5 ttf^s 5 3 o) o isKfttt. mftommm 

iO *ftft^#©S^fi^6*»5^t , bTf^5. ^©^, 
Xf-^S 5 3 OT#*fc«ft©|§|gftfcgftH©tt£ 

»A.TiiiteftisaifiNhs*ft5iaasfiftt» Uf7 

7S 5 4 0) . SlftthJ^^itfci^tHfi 
50). £U:©«Blft»DBT. 

[0091] &±.mwLrc*mMM\z£n& =mm 

&. HffiRU^-^4 0©@fc$C^, -Bfij^gJfeicN 

+ 5 o&«;st*fcffiBSE£^ttffl-r«t>©£U 
©ftttWjeHrtEftN-S O*T06«tV>t<>^^> 
J^iSfcttiSDlftA&K, BPS, «Stft©ttffi*a©« 

[0 0 9 2] ect, m&awttffl^iCSHffiHSl*- 

*4 0©@*^T«l>iM.T^3©», 0*s»C«fc5 ; E 

-^©ai*©Xft«j*ffl^K«fc»)jia;5^eT?»*. 
7 * >x^t-s^ &«ffl-rs*&©«i*&ig 

40 3 8 KH« J T^U 3ifie*ffi^C"T?ttfflf5»-&©SS 

551-54 ©(iflit^r««it©ttffl*fr^JKn5fc 
5o«*aMgi-««-&t»*o#fc. aeoT, h 3 8 tang 

50 ®^*ttfg<7ioTLS^„ 
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[0 0 9 3] ft*, -f>^7^>.X*55;T«, tfiktKJB 
oT. HI({s»* t R<»:5Sf|lH&p5 0O-HM6 (3 6 

os) fc#^n§K^A°;pxoati / >^<&D, 
75 O00teeg (m&jh) <Dmm&\mT?z>, he 

oT, H3 8 tw*r2^©y970XjSS**»fc* 

[0094] AimmnMT\ 4>9>>9>73r&\z.&y) 

SJUfttfcfflglU 2 0 ©«$«, &»©*>© (flAtf, ¥ it? 
fig 2 ^#*#^^^mif^^«M SEP-90-21 

rteB$ffi$£8&&v>7^>i^Dc^-?friSK© 

Hil/TatfbfcO**. |*I3 9T$>3. ^©«^JT 
tt, t-^««E«IllllI»5 0 Ott, A/D^$|g5 0 2 

h;^Jt^«t*^jt«-«» (pi) (WfP*ffJSv>, 
ISMS^SteU, V, WOEliOi^Sffll, HiC, 

H^-TAfflWSUP^T, HffiflHte-* 4 0 ©&#$ife 

[0095] ~©h#, 0f£iatefta±TiirtB 

m®$5 0 oftgGwu, v, w©€JEttti-i^T€^, 
^-^*«aw@ss5 0 ofcffl*-ra. ^^lt. hue 

f-5 OOHIIRtptt, 3fiB«i£C*tJ^Tm^i (--t 

«*MftSffi) s^ascta^s*. 

C^*T?.®^t-^©@^ic^pJf£®eSKT©* 
[0 0 9 6] 5 0)5SiiLW5tt. cfe5V>tt 50 



^FjI 3 ? 7-177788 
9f£0S»HTo«^Ki». I u, ivllS^ 

*i«^^lfdHB5 1 2#. Haft:r-7>5 2 2 &# 

M^sj£*^aAJS»^5 2 oosdwsgt, m 

[0 0 9 7] *^9B©»5*Jtfl|t:r)HTilKf 
5. C©^»«ft «Mft®$iWgB£LT©»/^i, 
®3*J|^I<hR- (H2 2#fig) t-^MflS 

tt^tLTti, m^mmmtnm, i&m^mmr 

tt, ^>^^>X£^T«aft©tfeffiLTH*g^M 
*-^4 0Oje»*«ttf|Hl«!SiifliU 0t£0^$C&U 

4 0 ©|iItKS*I»f5 t>©T?£>3o 
[0 0 9 8] *^JSWTftt. ^^W>XSfflWl 
^tft SfctfiT*? 8 t LT^ 3 S»iJ©#|j££i^ & 
*», Sgl2;£ttSg2Xx-y7il£^T*Mft©$ffl©£ 
ftCffiraC*EftWJD-r4l6 (H2 6, 2 8*) , 04 
0 K*"T J; 5 fc, fflM«£EOHIlin (Xf7^S 6 0 0) 

"T^MS Ut7^S 6 1 0) «ff&3<DT?»S. SP 

mmm<Dmm, kb^m^k, #ft^©*E^, 

JB£flDfcJ6taB*.fc^|IIt 1 t^LV^Mt 2«W-ffiW 
3-f^lcHIA-r*ctCJ:D!a:an«. »fi© 

ttM*ffi©^«J^T >y H ^ < A ©^g(C J; 5 TOD^ra© 

#£#aM.&ftS0T, ^:©^W^©M£ffl©mffi©EP 

[0 0 9 9] K±Ki»l/fc«fc5^ S*€»it©W£ffi© 
SJEE © Win V Tft^*S ?:?giJ^ L fefi^iC^Sffi £ BUD 

^(cM<-r-s>^t^-rt?)„ H4 i tH3 4£j£K-rn 
ft©*fflKBTawiBs, ^*©i/3gstfi«-rs 

-f >^7^ >7,itmwzi£wmm%.mmifi^mtu 

ofc. lot, m4ft|fi«0i5t, UfJfelirtE»*T-f 
A t «fc ?>^fflfc« 0 « HflE»Ol8fe|fiW*«j£ 
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29 

[oioo] mz*mM(D%6<Dmmm\z^Tmw? 
mmm t nmm 3 mmmom i *r ? ^o«*« i - 1 

*i«|2Xf7 7©*WSW 2 - 1 J; 0 , ffftoTVs 

0 0 0 r pmTftD, 35»fi«*t«tS*SUlO«Wltt, 
-HKfcSKHHER© 1 / 5 , BUS 1 8 0 r pmi« 
tSnT^S. fcT, 180rpmtT, >f>^ JO 

5„ 1 8 0 r pm0|^ 0^5 0 © 1 [U^t-gTS 
BSWfc. 1 8 0 r pm=tt#3l3lEfc0T?. 1/3 #T 
ft 5. IltltCMUT, ed3 4^bfc<fc5}C, SS17T- 
y/fUft Vffl, Wffl©#*fc:3^TS*«ffiI u, 

1 v, I wSrMSt" S©tST-5B#W^5 0msec, 
»2X'ryy*T?ST-r5©tS-r5l^raSl 2 0ms 
ecttit. n-^oiBfcSfcB 2, 3 0L^*m 

[0 10 1] ^£T, #gJM!|Ttt» 04 2EC*1-cfc5 

c, 5 oms e c stiEirf s*Jiiiia;p-?>^*^ 
t, ^rfy^ifp (mmm=o) swsutuhe^ 50 

7 0 0), 5 0©^±*Tft§i*lJBFfUrc^ 

10) . ||lX5 l y:7:fc«fctfS£2X5 l y7©ffla*38 
LTfT&^Wfc, 1 2 Oms e Ci^SH^^WT- ^ 
a©ttffljWR7T**^fc« - ?X??"-5© , t , a*. j e 

7t~2 7r©t>Tn#>©$6BftT©«^£i) stf-g-rs 

Uf7^S 7 2 0) o RUT, «2X^>y^I'=fc§m 
a^ftfTLTlaJte^5 0^0~7tfcL<«7t~2 7t©^ 

>^S 7 3 0) , a-hfflHXfy^<k^2Xf"; 

40). ^©H, 7 5^Ft«[lft«fe1-Si*fctia ! 

vx^sflMfc-rsa&asfrfcS (xxyr/s 7 5 0) . 

£U:i;:±D, HHET5 O^#±LT^S«^©*a«0 
©fcttiSiHTU *;l/-5 1 >^TT«>o 

[0 10 2] £5LTf?lt*©[IIi|fc7-5 O©€Mft0£ 
-UlfflLfclfK, 77^FttfltltlK£Sn-S^6, 
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